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PREFACE 


The construction of a sewerage system involves attention to many 
apparently unimportant details which, if neglected, may materially 
diminish the value of the works. If the alignment and grades are not 
true, there may be places where the velocity of the sewage will be 
checked and deposits of sand and organic matter will occur. These 
not only reduce the capacity of a sewer, but if they remain for some 
time the organic matter decomposes and thus affects injuriously the 
sewage flowing over it, which should reach the place of disposal or treat- 
ment as fresh as possible. If the inner surfaces of sewers are not so 
smooth as contemplated by the designer, the resistance to the flow of 
the sewage is increased and the sewers will not have the desired ca- 
pacity. In order to avoid these and other defects, the field engineering 
and inspecting force must insist on many things which are discussed in, 
this volume but have been rarely taken up in books or papers on sewerage. 

In addition to acting as designing and supervising engineers upon 
work executed by contract, the authors have had direct charge of the 
construction by day labor of many miles of sewers, large and small, 
in earth and rock, trench and tunnel. The construction of sewers from 
the contractor’s point of view is, therefore, understood clearly by them. 
They have endeavored to present in the following pages the instructions 
they would issue to the superintendents and foremen in charge of day- 
labor forces, and the advice they would give to contractors taking up 
sewer construction ^r the first time. The authors believe that there 
is need of improvement in much of the sewer work done in this country 
and that this, improvement should be made in inspection as well as in 
the operations carri^ on by contractors, in construction done by day 
labor as well as in that executed by contract. , Their experience has been 
that contractors generally have desired to'do only the best work, but 
that they sometimes fell short of attaining their object through un- 
famili^ty with the special requirements for good sewers. It is hoped 
that tnis book will prove helpful to all such men, as well as to engineers 
and inspectors who should be familiar with practical methods of 
construction. 

Leonard Metcalf. 

Harrison P. Edot. 

14 Beacon Street, 

Boston, Mass. 

Sept. 11, 1914. 
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CHAPTER I 

PRELIMINARY INVESTIGATIONS 

Many sewers have been built without much engineering assistance 
and when isolated and grades have been steep they have served their 
purpose fairly well. If, however, a municipality requires a system 
of sewers, it is of the utmost importance that it be designed and its 
construction supervised by an engineer of experience in this kind of work. 
This chapter has been prepared mainly with a view to giving helpful 
suggestions to the student, to the young engineer taking up sewerage 
engineering and to the inspector, and to presenting an outline of the 
steps taken by the engineering department of a comprehensive sewerage 
project. Some details and refinements are suggested which have 
doubtless often been omitted, and some of them may not be required 
upon small projects, but if a high grade of construction is to be secured 
the quality of the engineering must be equally high. It is a most com- 
mon error to save a few dollars upon engineering work and lose hundreds 
or thousands of dollars upon the construction of sewer systems poorly 
designed. The average citizen does not know whether a sewer is 6 ft. 
deeper than necessary, contains 25 per cent, more masonry than is 
required, or is adequate for only 10 years when it should provide for a 
period of 30 years, but he can readily detect an extra inspector or a few 
hundred dollars spent upon a topographic survey which will enable the 
engineer to study his problems intelligently. One of the important 
duties of the engineer is, therefore, to instruct and educate commissions, 
committees, city councils and the public as to the necessity and value of 
a high grade of engineering work. 

Considerable attention is given to the necessity and desirability of 
preparing adequate plans and of preserving records which shall be of 
value after the work in hand has been completed. Surprising as it may 
seem to some engineers, there are many municipalities in this country 
which do not possess even the most obviously necessary records of their 
sewers, such as those of their sizes and slopes. This is a condition 
which can be remedied only at great expense, if the system has been built 

1 
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many years. An illustration of this kind is furnished by the underground 
survey carried out under Henry M. Waite, Chief Eng. of the Depart- 
ment of Public Service of the city of Cincinnati, at a cost of more than 
$70,000. To secure information for the records prepared by this survey, 
it was necessary to make a manhole to manhole inspection of the sewers, 
measuring their diameters and securing elevations from which their 
slopes could be computed. 

MAPS FOR PRELIMINARY INVESTIGATIONS 

While the engineering force is being organized, a diligent search should 
be made to obtain all available existing maps which may have a bearing 
upon the contemplated work. 

The United States Geological Survey has prepared maps showing the 
topography of a considerable portion of the United States. These are 
published in 20 X lG-l/2-in. sheets, the unit of area being a quadrangle 
15 min., 30 min. or 1 deg. in extent each way. The scales are there- 
fore 1 to 62,500, 1 to 125,000, or 1 to 250,000, which are almost equivalent 
to scales of 1 in., 1/2 in., or 1/4 in. to the mile respectively. These 
maps are sold by the Director of the Survey at Washington, D. C., for 
10 cents per sheet, or, in quantities of fifty or more, at the rate of 6 cents 
per sheet. They will be of value in computing areas of very large drain- 
age basins, such as those of creeks and rivers, and in showing the general 
topography of the community as a whole, but they arc valueless for use 
in laying out individual sewers. 

Street Maps. — City engineers, town surveyors, local assessment 
boards and land title companies frequently have maps of their localities. 
These often indicate not only street lines, but lot lines and buildings. 

It is usually important to note the exact location of all pipes and 
conduits, y* hich can sometimes be done through the aid of maps prepared 
by the public service corporations. 

In many districts post route maps may be had, drawn to scales varying 
from 4 to 12 miles per inch, showing highways, railroads, ponds, rivers, 
streams, and range, township, section and meridian lines, in addition to 
the postal routes. These are oftentimes extremely useful in preliminary 
studies. 

Although too much dependence should not be placed on the accuracy 
of county atlas maps, these also are of considerable service in connection 
with the preliminary work. 

If upon chewing up such maps they are found to be substantially 
correct, they may be used as a foundation for more extended mapping 
of the locality. Frequently little is saved by making use of such 
maps, unless they are found to cover a considerable portion of the 
district to be surveyed. 
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FIELD WORK 

Having determined the scope of the work and the data required, unless 
satisfactory maps are available, surveys of the district must be made. 
The degree of precLsion required will be determined by conditions of the 
problem. If the expense is justified, it is desirable to establish a trian- 
gulation system which will furnish the skeleton for further filling-in 
surveys. The latter should include the precise location of street and 
property lines; street car tracks; water, gas, sewer and drain pipes; fire 
hydrants; conduits for electric lighting, telephone, telegraph and 
heating service; all pavements, noting character and approximate age; 
tunnels, subways, and culverts; public parks, play grounds, boulevards; 
all bodies of water, lakes, ponds, streams, brooks and important ditches, 
and other natural features or artificial structures which may be of 
importance to the problem in hand or influence the design of the new 
works. 

Preliminary to taking the profiles, an accurate, permanent, and com- 
])lete system of bench levels should be established throughout the entire 
area to be covered by the proposed sewerage .system. The bench 
marks should be on points easily described, readily accessible, and 
that are not likely to be disturbed. They should bo located at 
sufficiently close intervals for subsequent use; for instance, in heavy 
work one bench to each block in all streets where sewers arc to be laid, 
and at frequent intervals where topographic details are to be obtained 
subsequently. 

In establishing the.se benches it is de-sirable to run several circuits 
covering the entire area, thus establishing bench marks of primary 
order. Each circuit may thas be checked independently, and inaccura- 
cies of the field work within each circuit detected. The accuracy with 
which such circuits should close depends in great measure upon the 
quality of construction work to be obtained and the flatness of the grades 
to be used in the work. 

The Board of Water Supply for the City of New York, in establishing 
the bench marks for its Catskill Aqueduct Line,* established the requirement 
that circuits should close with an error in feet less than 0.02\/mile8. On 
this work the 1.5-in. Berger inverting dumpy level with stadia wires set 
for a ratio 1:200 was used. Two self-reading, white pine level rods, 10 
ft. long, were used. These rods were similar to the Molitor rod {Tram. 
Am. Sac. C. E., vol. xlv, page 14) except that they were divided into 
tenths and two-hundredths of a foot, the tenths being numbered con- 
secutively. Each rod was shod with a phosphor-bronze shoe, terminating 
in a cylindrical pin about 3/4 in. in diameter and about 1 in. long, the bot- 


' See “Bench Leveling Operations on the Catskill Aqueduct Line," by M, E. ZipMr, 
Ertffr. .\€w$, Feb. 20, 1908. 
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tom face of this pin being accurately faced in a plane normal to the axis ol 
the rod. The rod was also provided with a mercurial thermometer, a 
watch glass level capable of easy adjustment, and provision for the hanging 
of a plumb-bob. 

In order to obtain the speed and accuracy required, two rodmen were 
employed to hold on alternate turning points, these points being selected so 
as to make back sights and fore sights practically equal. The level was 
protected from the rays of the sun by an umbrella. Each of the two stadia 
wires was read and recorded in addition to the ordinary level reading, and 
these several readings reconciled before moving ahead. The speed obtained 
on this work averaged about 2 miles per day in rugged or wooded country 
and 4 miles per day in comparatively level and open country, while 
check levels were run at the rate of about 1 mile per hour. The adjust- 
ments of the instrunjent were tested at least once per week, although actually 
no adjustments were required. 

In ordinary work with flat surfaces this is a desirable and readily 
attainable standard. In small cities in a rolling or hilly country a lower 
standard of accuracy may suffice. Having obtained the primary bench 
marks, intermediate bench marks within the area embraced by each 
circuit can then be established, care being taken to check each cross line 
with benches of the primary order. 

Profiles should be run on all existing streets and alleys, and along the 
location of all proposed streets. Levels may be taken in the center of 
the street at intervals of 100 ft., and at such intermediate points as the 
changing of grades may require. For all proposed streets, the proposed 
grade should be ascertained, provided it has already been “established. “ 

Where sewers exist, sufficient levels should be taken in their inverts to 
determine the accuracy of the profiles which are on record, if there be 
doubt of their accuracy, and if these are found to be incorrect, or if none 
exist, an accurate profile should be made by taking levels of the invert 
at each manhole. This may require the use of a very long pole, grad- 
uated in feet, tenths and hundredths, shod with a steel point for 
penetrating the sediment in the sewer. 

Topography notes should be obtained for the preparation of a map 
showing the topography of the entire city, with contour intervals of 1, 
2-1 /2, 5 or 10 ft., according to the slopes of the ground surveyed. 
This map should include the area within the present city limits and 
such suburban territory as is likely to be annexed within the next 30 to 
50 years. If possible, it should also cover such contiguous territory as 
may drain through or into the city. 

The approximate cross-section of the streets should be determined and 
the eifevation of the sills of buildings along the street, more particularly 
of the low-lying ones. Similarly the approximate depth of the cellars 
should be noted, in order that the sewers may be laid out so as to drain 
the cellars of all houses. 
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The elevations should be taken of the l)eds of all streams and invortj 
of canals or culverts encountered, and the various water levels or stages 
should be recorded, the minimum, mean low, mean high, and maximum ’ 
flood levels. 

Examination of Existing Structures. — It is desirable to locate by means 
of test pits the elevations of all pipes and conduits which are likely to be 
encountered in the construction of the proposed sewers, unless they are 
clearly and accurately shown upon the drawings which purport to show 
these structures. 

The accuracy of such drawings as have been procured should be 
determined before making use of them. 

The existing sewers should be examined to determine their physical 
condition, the deposits in and leakage into them. 

For physical examination of the sewers it is frequently possible, by 
means of two mirrors, to reflect sufficient sunlight into the sewers to 
enable one to determine the quality of the workmanship, the location of 
imperfections in the construction of the sewers, and the location of 
foreign matter contained therein. Under this method one man stands 
upon the surface of the ground and reflects the sunlight down to a mirror 
held by a man in the bottom of the manhole, who stands, figuratively 
speaking, upon his head, and flashes these rays into the sewer, and at 
the same time examines its interior. Good mirrors, 5 in. in diameter, 
which can be carried in the pocket will be found convenient for this 
purpose. An electric lamp deriving current from a battery may ha 
floated through from manhole to manhole. A lighted lamp or candle 
should not be used for this purpose because of the danger of explosion. 

At times when sunlight is not available, and where incandescent 
electric lighting circuits are convenient, it is frequently possible, by 
means of long extension cords, to make this examination by means of 
powerful tungsten lamps equipp)ed with good reflectors, although such 
light cannot be thrown as far as good reflected sunlight. 

The amount of ground-water leakage, if sufficient to warrant its 
measurement, can often best be determined by means of weirs witlun 
the manholes, due allowance being made for velocity of approach. 

Run-off Data.— The river or stream flow is often of great importance, 
particularly in connection with problems involving the disposal of sew- 
age. For its study there should be obtained, first, the drainage or 
catchment area; second, the rainfall records; third, the run-off or dis- 
charge records; fourth, rainfall and run-off records of other similar or 
comparable drainage areas in the neighborhood. 

Where reliable records of stream flow arc not available, it is desirable 
to establish gaging stations upon such streams early in the investigation, 
in order to secure as long and complete a record of discharge as possible. 
Such measurement should surely cover the dry-weather flow of the year 
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in which the investigation is made, and should be continued throughout 
the entire period of investigation. 

In connection with such stream-flow measurements, it is very impor- 
tant that the site of the gaging station he selected only after careful 
and thoughtful consideration of all available places. It is important 
that the channel should be straight with approximately uniform cross- 
sections for several hundred feet above and below the site selected. The 
bed of the stnmm at that point should be fairly pcTinaiK'iit and of regular 
shape. It should be a sufficient distance above any dam or the junction 
with any other stream to be free from the effect of backwater, and be 
reasonably accessible during all stages of tlie stream. 

A permanent gage should be established at the outset, in such a posi- 
tion that it may serve its purpo.se during all ranges of depth of water 
which are lik(‘ly to occur, and its location should be such as to permit of 
its being read at all sindi stages. 

This gage should be read and recorded daily, and more frequently 
when the flow is fluctuating with considerable rai)idity. 

The cros.s-s(‘ct ion of the stream should be determined at t he beginning 
and remeasured from time to time during th(‘ season, in order to a.scer- 
tain what chang(‘s, if any, have taken j)iace. Kspecially should this be 
done aft(‘r all floods, at which times the section may lie changed, either 
by erosion or by sedimentation. 

The velocity of flow should be determined frequently, and especially 
during the summer low-water stage. The velocity may b(^ determined 
by a current meter, by floats, or, where small flow.'-' exist, it may be 
computed from the flow measured by a weir. 

From the velocity of flow determined for various stages of the 
river, a rating curve miiy be prepared, from which the flow may be 
estimated for the intermediate depths of water, with a limit of error of 
about 5 per cent. 

Coincident with the records of stream flow, the rainfall near the gaging 
station and at numerous places scattenal over the drainage area of the 
stream in question should be recorded. 

Character of Soil. — The character of the soil should be determined, 
in order that the cost of the work may be estimated with as fair a degree 
of accuracy lus practicable. For tliis purpose, information may be 
obtained by inquiry of local parties who have made excavations or sunk 
wells, and also by means of soundings, drillings, and borings. 

For shallow determinations, approximate information may be obtained 
by driving a soiid steel rod or a pipe fitted with a steel point and a driving 
head. If the ear is placed close to the rod as it is driven, it is possible, 
after a little practice, to determine when the point passes into and through 
soils of various grades, such as clay, sand and gravel. The man 
bolding the rod can distinguish betw’een different materials in a similar 
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mMner. By withdrawing the rod from time to time and examining ita 
pomt, minute samples may be obtained, especially if a slight groove has 
been cut in the driving point. Such a rod may be withdrawn by means 
of a long lever and chain, or by means of a friction clutch. Fig. 1 
having a large ring attached to one end into which the end of a lever 
may be slipped. 

The methods and cost of making 1435 ft. of punch borings in 116 holes 
at St. Louis, Mo., were described by W. W. Horner in Engineering New», 
Sept. 5, 1912. The borings were made by a gang of four men using 
7/8-in. steel rods 12 ft. in length. A boring jioint was screwed into the 
lower end. It was about 
a foot long and tapered 
from a shoulder some- 
what larger than the 
rod to a fine point. 

Another point called 
the ^‘punching rod” 
was practically a ehurii 
drill and was used to 
punch through strata of 
hardpan or obstructions 
which were encountered. 

In boring, two men usu- 
ally rode the handle bar, ^ drawing drill, 

while TWO others turn(‘d the rod. In hard ground a small quantity of 
water was used to soften the clay and lubricate the hole. The rods 
were removx'd at intervals of t5ft., the point being replaced by a spoon 
with which a sample was taken. In soft ground the samples were not 
of much value, as the hole might close in and the spoon become par- 
tially filled before reaching bottom. In firm material a true sample 
could be obtained if proper care were used. Rock was detected by the 
ring, which indicates to those familiar with the work whether a boulder 
or ledge is encountered. 

Mr. Horner statetl that the cost of 1 his work was higher than usual, 
because of the character of earth encountered; about 300 ft. of boring 
was through hard shale, 40 ft. through old macadam road, and of the 
remainder, about half was through very hard clay and gravel. The 
depth of holes was 13 ft. average, 2 ft. minimum, and 30 ft. maximum. 

The total labor amounted to 180 days, equivalent to 45 days’ work for 
one gang of four men. The average depth bored was 32 ft. per gang 
per day, which cost 24 cents per linear foot of boring. Such work 
through ordinary clay and loam costs from 6 to 10 c(‘nts per foot for 
holes averaging 15 ft. deep, according to Mr. Horner. 

Borings.— Samples of earth, sand, and gravel may be obtained from 
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depths not exceeding 15 to 30 ft., by means of post-hole augers or even 
with an ordinary carpenter’s auger welded to a steel rod or gas pipe and 
operated by a handle formed by a plumber’s tee into which two short 
pieces of pipe have been threaded, one on cither side, which serve as 
handles. This auger will probably work to better advantage if the center 
j)oint is removed, Fig. 2. 


Jet Drilling. — In the jet drilling 
method, a pipe casing is sunk by 
means of a heavy hamme^r or 
weight, operated from a frame or 
tripod and raised either by hand 
or machine; it is allowed to fall on 
the end of the pipe, within which 
there is another pipe to which a 
hose is attached and connected 
with a powerful force pump. At 
tlie bottom of this inner pipe is 
an expansion drill point which 
cuts away the material ]>elow the 
casing. This mat(Tial, stirred up 
and held in suspension by the 
w’atcr jet, flows out with the water 
through a side outlet at the top of 
the casing pipe, as shown in Fig. 
3, from “ Water Supply Paper No. 
257, ” U. 8. Geological Survey. 

By collecting portions of this 
water in a tub, a sample of the 
eroded material may be obtained. 
A record of the depth at which the 
drill was operating at the time the 
sample was taken should be made. 
In this manner a fair idea of the 
materials encountered may be ob- 
tained, although frequently it is 
difficult to distinguish between mich similar deposits as the conglom- 
erates and stiff and compact gravel. This may prove serious be- 
cause the expense of excavating the one is far greater than the other. 

In the report of the Burr-Hering-Freeman “ Commission on Additional 
Water Supply tor the City of New' York ” (1903, page 629) may be found 
a description of the method adopted in determining the location of 
ground water and the character of .substrata as affecting the quantity, 
percolation and velocity of ground-water flow, from which report the 
following has been abstracted: 



Fm. 


- 3 - 

2. — Auger handle and bits. 
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As tbeno tent wells were to be left in plaec for ground-water observations, 
eeonomy in inalerial was necessary and 2-in. wells were used. 

The washed borings were to be ninde at intervals of several miles in a 
country for the most part devoid of surface streams, and at points necessarily 
at some distance from existing wells. The problems, then, were to devise 
an outfit of great portability, that could be operated with the least possible 
labor, and to haul to each outfit all the water that was required to drive the 
wells and secure good samples. The most serious of these problems was that 


TackieS^or Wash Pipe. 

of securing sufficient water 
for good washed samples. 
Throughout the work the 
necessary water was hauled 
to each outfit in barrels 
on the wagons that also 
served for the transporta- 

W 

tion of the outfit. 


Idle rig finally adopted 

for the test boring work 

200 -lb \\ 

of the Commission, Fig. 4, 
was jiattcrned after a Bos- 

Cl Hammer\\ 

ton rig. Two large gin 


/ 'bwdeFtpe whoels w'cre suspended at 

, \\ whiidi served at the same 

\waihP 1 p 9 carry a staging for 

\\ handling the wash pipe, 

^ liatnmer. 

\\ The great width of these 

\\ gin wheels permitted the 

\\ use of 1-in. ropes and the 

rrrrrrTrTTrmrrT ^ ^ w \\ gi'cat diameter Tcsulted in 

im////, n frictional resistance; 

,, ^ 11 I I • • A- 1 n • the height of the gin wheels 

1 10. 4. — \\ ash-bormg ng, iNcw 1 ork Commis- ,, ” ® . 

sion on Additional Water Supply. allowed the men on the 

hammer to sway out on the 
lines instead of obliging them to double up on the last few feet of a length of 
casing, as with the Boston rig. With the stiff pipe derrick, it was also 
possible to secure core samples by driving 1-1/4-in. pipe 3 or 4 ft. into 
the material at the bottom of the casing. The drive-head, hammer, 


pump, suction and discharge hose and the wash pipe that were used with 
the Boston rig were retained. A force of four men and driver were em- 
ployed with this outfit. The cost of this rig complete was about $150. 

The engineeraig inspector assigned to each test boring outfit located the 
wells and, through the foreman, directed the work of driving. In addition 
to these duties, the inspector measured up the pipe that was driven, classified 
the samples and took all notes that were required. On the completion of 
each well, these notes were sent to the office on specially printed blanks. 
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Samples of the substrata were taken at all wells unless closed end 
points were used or unless a number of wells were groupetl together, 
when samples from only one w'ell were preserved. At each test W'ell from 
which a knowledge of the material was required, drj’ samples of the soil 
and the subsoil immediately below were secured, and washed samples of 
the deeper substrata were taken every 5 ft. below the surface of the ground 
and at any change of material between those intervals. 

When the inspector directed a washed sample to be taken, the entire 
discrharge from the casing was caught in a large pail or tub of 8 to 15 gal, 
capacity, which was not allowed to overflow. Hie tub containing 
the sample was set aside for 15 to 30 minutes, after adding 2 c.c. of 
hydrochloric acid to }ia.sten the precipitation of the fine material. When 
most of this had .sett led, the slightly turbid water was poured off and a suffi- 
cient amount of the material to fill the .sample bottle was removed from the 
tub and the bottle was properly labeled and packed in the sample case 
provided for the purpo.se. The turbidity of the water that was poured off 
was observed and recorded in order to have a mea.sure of tlie material lost. 

It was hoped, at the l)(!ginning of the work, that it would be possililo 
to use nothing but clear water in washing up the samples, but the distances 
over which it was generally necessary to haul the water and the large amount 
tliat was sometimes lost in driving through the coarse sands and gravels, 
made it nece.ss.ary to use, on many wells, water containing considerable fine 
material; a limit to the turbidity of the water was fixed, however, and any 
water having a turbidity exceeding 200 on the silica standard was thrown 
away. In all the washed .samples, the amount of fine material obtained did 
not, therefore, represent the actual quantity in the sample when in place, 
becau.se of the reject am of turbid water from the sampling tub and the 
occasional u.se of turbid water for jetting. 

The wa.shed sample.s taken from the wells on which perforated pipe or 
open-end well points were used and those that were washed up with the small 
"house lift" pumps were not always as satisfactory as the others, because 
when washing through a mixture of gravel and sand the amount of water 
that returned to the surface was not sufficient in volume or velocity to 
readily bring up the coarse material. This was left in place after the sand 
in the mixture had been removed, and could sometimes be washed up only 
with great difficulty. 

In many w'ells entire samples were obtained with an open-end or choke 
bore pipe, or a sand bucket, to serve as a check on the washed samples 
when the character of the material was such that the washed sample did 
not appear to be correct. 

The plan of the w'ork was to first fill in the large areas in which no existing 
wells were found by driving wells 4 to 5 miles apart; later, to locate othei 
test wells at inten^als of a mile or two, so that, with the existing wells, the 
surface of the ground water could be everywhere determined and accurately 
contoured. 

An estimate of the total cost of the test boring, including the cost of in- 
spection and supervision, and all other expenses incurred in the field and 
office on this work, is shown in Table 1 under the several items into which 
the cost may be divided. 
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Table 1. — Cost of Test Boring 


(ComrtiiMHion on Additional Water Supply for the City of New York) 


Item ' 

Total amount 

Cost per foot 
of pipe driven 



(11,605 ft ) 

Superintendence and inspection (including i 
engineering and supervision). ! 

$2,815 36 

$0,243 

Labor — foremen, $3 and $3.50 per day; 



laborers, $1.50 and $1.75 per day ' 

5,074.30 

0 437 

Teams employed with outfits, $3 and $3.50| 



per day 

1,612 20 

0.139 

Transportation, car fare, livery, freight 



and exi)res.s 

559.73 

0 048 

Cost of rental of test boring rigs. 

i 618 43 

0 053 

Two-inch pipe, perforated pipe and joints j 

1,723 90 

0 149 

Misc. expenses, saniph? bottles, cases, clas- ' 



sifying material, blasting, etc . . 

315 02 

0 027 

Total 

$12,718.94 

' $1 096 


In loose Kfiivels the cost of the boring was not far from 60 cents i)er foot, 
but in comjiact till where dynamite was used, the cost ran up to $2 per foot, 
and some wells even higher. 

To make the total cost per foot comparable with other work of this 
character which, however, has usually been confined to much smaller areas, 
the items of inspection, superintendence, pipe and fittings must be reduced, 
and the greater part of the item for teams taken out; for it is not generally 
customary to place more than one engineering inspector on several outfits, 
if any at all be assigned; the casings are usually pulled up, and the pipe 
used repeatedly: and water can ordinarily be piped to the work from a town 
supply, or from a small temporary pumping plant. If, then, we take 15 
cents per foot from the item of inspection, 10 cents per foot from that of 
teams, and 10 cents jier foot from the cost of the pipe, we reduce the total 
cost per foot to 75 cents. Considering the cost of labor, which was paid at 
the rate of $1.75, excepting during the first few weeks, and also the quality 
of labor that it was necessary to employ, this is a reasonable figure for the 
work. 

In Fig. 5 is shown a combination drill and sand pump used by the 
city of Rochester, N. Y., in sounding along the line of a proposed outfall 
sewer in the bottom of Lake Ontario, N. A. Brown, Assistant City 
Engineer, who was in cliargc of this work, furnished the following 
description : ^ 

“To determine the material through which the trench will he dredged for 
the outlet pipe of the Rochester sewage disposal plant, borings were made in 
the bottom of Lake Ontario from the shore to a point 8400 ft. therefrom 
in August, 1909. A scow' 10 ft. wide and 30 ft. long, having a 3 X 3-ft. 






PRELIMINARY INVESTIGATIONS 


13 


well in the center, was used for this work. Over this well a single block 
was placed at the head of a 12-ft. tripod to raise and lower the drill and 
handle the casing. 

“A 2-in. pipe casing was used with a 1-in. pipe for a drill rod. At the 
bottom of the drill rod a combined sand pump and drill was attached. By- 
means of holes in the casing, water was admitted to the casing and circu- 
lated through the sand and out the drill rod through a T at the top. Four 
holes were made on shore and 26 made in the water. The depth of water 
at the last hole was 61 ft. Of the 372.5 ft. of borings, 279 was sand, 88 was 
clay and 5.5 was gravel. 



Fig, 5. — Drill and sand pump, Rochester. 


'‘The following data give the cost of the drilling. 

Equipment, including rigging scow, ropes and anchors, pipe, etc.. 1114.89 

Rental of scow and launch . ... 139.00 

Labor* 

2 drillers at 14.00 per day 

1 helper at $2.50 per day . 142.85 

Supervision 260.00 


•646.74 

Total length of hole drilled 372 . 5 ft. 

Cost per foot. . .... $1.74 

Average depth of hole .... 12 . 4 ft. 

Cost per hole 121.56 
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Average number of holes per day, not including the days lost because of 
unfavorable weather, 3. 

Average number of holes per day, including those lost because of the 
weather, 2 1/2. 

“The time required to lower casing, do the drilling and to remove the cas- 
ing was 2b hours and 10 minutes to drill 220.4 ft. of sand and 54.1 ft. of 
clay. This give.s an average of 1 ft of hole ev^ery 6 minutes. Much time was 
required to move th(‘ scow and anchor it m position. Alt work was done 
2 miles from the harbor so that no drilling was done any day before 10 
o’clock.’’ 

In Fig. 0 is shown part of a profile of the bottom of Lake Ontario 
along the line of the proposed si'W'er outlet, which illustrates one way in 
which th(' results of borings may be indicated graphically. 

In the larger jiart of Louisville, Ky., the soil consists of loam overlying 
fine y(‘llow sand or clay, below which are sand and gravel. In the east- 



ern section considerable ledg(‘ underlies the fine yellow sand and some 
sandy clay is found. The data given in Table 2 fairly represent the 
amount and cost of borings to furnish information relative to the char- 
acter of materials to be encountered in excavating for the sewers built 
by the Commissioners of Sewerage. 


Taule 2 — Data Relating to Borings at Louisville, Ky. 
(July-October, 1909) 

(Ucporl of ('ominiH'<ionprn of Sowerage, Louisville, Ky., January, 1907, January, 1910) 


Month 

Feet 

Coat per foot 
(cents) 

Average depth 
of holes (feet) 

Remarks 

July. 

1,274 5 

6 1 

19 6 

Light augers 

.\ugust 

267 2 

9 6 

21 5 

Light augers 

September 

157 0 

7 7 

21 7 

Light augers 

October. 

."I 22a 5 

17 9 

24 8 

Light augers 

(October. . 

161 1 

21 3 

20 1 1 

Cased 

October. . 

126 2 

11 5 

12 6 

Light augers 

Totals 

...1 2,209 5 

1 9 2 

19,9 





PRELIMINARY INVESTIGATIONS 


15 


Core Drilling. — This method of drilling has the advantage that an 
exact sample of the material through which the well is driven is obtained, 
and may be preserved to show the exact nature of the soil or rock. Of 
the various core drills the most common types arc the diamond drill and 
the shot drill. One form of diamond drill is described by its makers, 
the ‘Sullivan Machinery Co., as follows: 

“The diamond drill consists of a lino of hollow rods screwed together in 
5 or 10-ft. sections, rotated by an engine through a shaft and gearing, 
and fed forward by cither a hydraulic piston or by a screw feed At the 
lower end of the rods is placed a bit, in which pieces of ‘black diamond^ 
or (;arbon are set, and which, fis the rods are rotated, cuts an annular 
hole in the rock, leaving a center pipe or ‘core’ undisturbiHl. Water is 
forced through the rods to keep the diamonds cool and to wash away 
the cuttings from the bit The essential feature of this method is the 
core or section of rock, which is formed by the hollow bit and rod as the 
drill advances. At intervals, usually after drilling 10 ft , the rods are 
withdrawn by means of hoisting mechanism, bringing with them the n>ck 
core, which is caught and held by a self-locking ‘core-lifter’ I’he core is 
then r(*moved, the rods again lowered, and the process r(!])eated until the 
(h'sired depth is reached ” 

The shot drills are operated in much the same way as are the diamond 
drills, but in place of the diamonds in the cutting edge, hard chilled steel 
shot, which are fed into the bottom of the hole through the wash-water 
pipe, work their way beneath the cutting edge and become crushed and 
embedded into the softer steel of which the cutting edge is composed. 
The process is described by the McKiernan- Terry Drill Co., makers of 
such drills, as follows: 

“The actual cutting, however, is caused by the breaking of the shot, 
which, being of chilled steel and very hard, imbeds itself in the softer material 
of which the bit is composed. This action produces hundreds of minute 
pockets or cavities into which these small particles of shot are constantly 
caught and dropped, each time presenting a new facet which mills away the 
rock. This action keeps up until the shot particles become so small — 
practically powder — that the flow of water forces it up the bore hole above the 
drilling tools, at which point the water pressure is diminished, and it falls 
back and settles in the sludge receiver, together with the ascending detritus. 
When working properly the cutting edge of the bit will assume a half-round 
form, which keeps some of the shot off the bottom of the hole, and so 
produces for itself a sufficient space for clearance, both inside and outside 
of the bit." 

Core drills have the added advantage that they may be operated 
through water as well as through the earth, thus permitting samples 
to be obtained from the bed of a river, lake, or othiT body of water. 
These devices are available for operation either by hand or horse power, 
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and by bolt or gearing from gasoline, oil, or steam engines, compressed 
air or electric motors. 

The cost of diamond core drilling varies within wide limits, depending 
not alone on differences in the formation encountered, but also on labor, 
fuel, water, availability of supplies, living expenses, etc. 

The Sullivan Machinery Co. gives the following costs: 

“A careful record of the cost of drilling, kept by a Michigan iron mining 
company which uses a number of diamond drills, shows total drilling costs 
(including carbon) ranging from $1.50 to $2.00 per foot. A large Western 
coal mining concern place.s the cost of its extensive diamond drilling opera- 
tions at $1 per foot or less. A large number of holes, bored in the Lake 
Superior iron country and aggregating over 1 1,000 ft., showed costs ranging 
from $1.63 to $2,65 per foot. The cost of carbon in the former item was 
19 cents and in the latter $1 per foot, the remainder being due to labor, fuel, 
superintendence, supplies, etc. A Mexican copper mine reports the cost of 
4160 ft. of diamond drilling os $2.22 per foot, of which $1.03 was due to 
carbon wear. Eleven hundred feet of drilling in the copper formation of 
southeastern Arizona cost 3H cents a foot for carbon, and $1.35 for labor 
and all otlier items. I'he expense of long-continued coal prospecting in 
various states is reported as follows: Colorado, $1.65 per foot; Tennessee, 
$1.26; Indian Territory, $1.1K; West Virginia, $1.13 to $1.50. 

"A recent compilation of statistics with reference to the cost of diamond 
drilling goes to show how variable is the coat of such work, and how utterly 
impossible it is to fix anything more than general rules from which an ap- 
proximate figure of cost can be deduced. Out of 20 holes drilled through 
jasper, marbh‘ and iron slate, and varying in depth from 110 to 1100 ft., 
the average cost wa.s .$3. 1 4 per foot . Of this cost, 39 per cent, went for labor, 
22 per cent, for carbon and the remainder for fuel, repairs, supplies, etc. 
Another series of 16 holes, varying in depth from 94 to 380 ft., with an 
average of 314 ft., showed an average cost of $2.70perfoot. Of this amount 38 
per cent, went for labor, and 13percent. for diamonds. The cost of drilling 
in softschist rock was as low as $1 per foot, of w'hich laborformed 66 per cent, 
and diamonds 30 pvr cent. The cost of drilling in hard syenite rock was 
twice that of drilling m tough diorite; the cost of the diamonds in drilling 
the syenite rock approximated 63 per cent, and the labor 38 per cent.; in 
the diorite rock the carbon cost 30 per cent., and the labor 66 per cent, of 
the total. The speed of drilling varied from 6 to 25 ft. per day, and the 
holes had a mean diameter of 1-3/4 in.” 

Frequency of Borings. — The frequency with which borings are made 
depends on the existing conditions, the requirements of the work in hand, 
and, in some cases, on the relative cost of excavation in different classes 
of material, Fgr deep sewers laid in open cut, soundings or borings 
need be made no more frequently than is sufficient to show the approxi- 
mate location and kinds of the several classes of excavation. If in 
tunnel work the grade to be established is dependent on the materials 
encountered, then borings must be made with sufficient frequency to 
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furnish information for the preparation of a complete and accurate 
geological profile. If the grade is already established, then only suffi' 
cient borings are required to enable the engineer to determine the feasi- 
bility of the location and the approximate quantities of each of the 
several different classifications of material to be excavated. 

In taking notes of soundings and borings, it is necessary to make an 
accurate description of the location of the test hole, to state the method 
used, to record the elevation of the surface of the ground at the point 
and the depth at which each class of material is encountered, giving a 
description of the character of each material. For each hole an accurate 
record of the cost of drilling should be made. 

These records should be made at the time the work is performed, and 
later should be copied into the official record, and likewise be plotted 
upon the profiles, each classification of material being noted by char- 
acteristic and conventional marks, so that each classification may be 
quickly and readily recognized, as w^as done in the Rochester profile, 
Fig. 0 . 

Surface Conditions. — Record should be made of the extent and char- 
acter of all impervious areas. It is desirable, when practicable, to obtain 
the areas of the street pavements, noted under their several classifi- 
cations, such as asphalt, brick, granite block, wooden block, and maca- 
dam pavements; the areas of sidewalks, classified according to their 
sever^ kinds; and the areas of roofs, yards, and passage-ways. These 
should be recorded in such a way as to make possible their ultimate 
classificution by sewerage districts. 

Investigation should be made to determine the approximate level of 
the ground water at different times. 

The location of all outlets and points of discharge of all public and 
private sewers and drains should be carefully recorded, the sizes of 
pij)e noted, and memoranda of the amount and character of the 
effluents should be kept. 

The daily quantity of sewage discharged from the important sewers 
and drains under w'ct-season, dry-season, and mean-flow conditions 
should 1)0 determined, and the hourly variations in rate of flow should be 
noted, especially in the case of those sewers which carry industrial 
wastes. 

Samples of river water above, within, and below the city should be 
taken and analyz(jd during the season at several stages of the river 
level, and particularly at the low-water stage. 

Investigation should be made of the condition and use of the river 
above and below the city. This should include investigation of any 
litigation due to contamination of the river water. 

Records of population should be obtained for as long a period as 
they exist, and estimates of the density of population should be made 
2 
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at the time of the investigation, such density to be estimated separately 
for each of the several sewer districts into which the community 
will ultimately be divided. This subject is discussed more fully in 
Volume I. 

The record of water consumed may be obtained from the water depart- 
nnuit or company. Such information should cover the maximum, 
minimum and mean daily total and per capita consumption during each 
month, and the annual average consumption for a number of years 
})reviouH to the time of the investigations. 

The importanc(5 of compiling all availalde data relating to rainfall was 
discussed in several chapters of Volume I. While records showing the 
daily, monthly and annual precipitation should be made available for 
use in the study of certain problems, it is much more important to secure 
records of int(aisity of jm'cipitation, as it is this rather than the total 
(juantity which governs the sizes of the storm-sewers or drains. Such 
records covering a number of years are now available at many stations 
of th(‘ U, S. Weather Bureau. Occasionally valuable precipitation 
records have been kept by j>rivate parties. 

Materials and Labor. — In order to be prepared to make close estimates 
of the cost of the pro])osed work, information should be gathered as to 
the prevailing price's upon all classes of material to be used in the work. 
Such cost should include, where possible, not only the price of the 
material and the freight charges, but also the cost of distribution to the 
several parts of the' city where such materials will be delivered. Prices 
should be obtained upon cement, crushed stone, screened gravel, sand, 
sewer brick, vitrified sewer pipe and specials, light-weight cast-iron 
water pipe, lumber, manholt' and catch-basin frames and covers, inlets, 
ste(il reinfor(‘em('nt of various types, coal and wood, loam, various 
classes of labor, foremen, sub-foremen, brickmasons and tenders, stone- 
masons, carpenters, blacksmiths, engineers and firemen, mechanics, 
bracers and semi-mechanics, unskilled labor, and single and double 
teams including driver. 

OFFICE WORK PRELIMINARY TO DESIGN 

Without waiting for the completion of the preliminary field work, it is 
desirable to organize the drafting department and begin the plotting of 
maps and profiles, so that even before the field work is completed many 
of the maps ma^’ be ready for the studies preliminary to design. 

In plotting the surveys of city streets together with their structures, 
both surface and underground, the scale to be adopted will depend upon 
tlie conditions involved in each problem. In general, it is possible to 
show by characteristic lines all of the structures in sufficient detail on a 
map drawn to a scale of 1 in. to 200 ft. In some of the closely built 
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up cities, with numerous pipes, conduits, etc., laid at random, it may be 
necessary to make such a map on a scale of 1 in. to 100 ft. Fig. 7 is 
reduced from such a map of Scranton. In (lithcr case, except for very 
small cities, it will be necessary to divide such a map into several sheets, 
in which case it is desirable to have all sheets of the same size, having a 
general or key map drawn to a smaller scale, say 1 in. to 1000 ft., 
on which are indicated the area.s covered by the individual sheets. In 
some Western cities with rectangular street systems the maps of sub- 
surface work have the stn^et widths considerably exaggerated, and where 
details at street inters(.‘ctions must be shown to scale these are placed 
inside one of the blocks. 

On such mai)s should be plotted all of the information which has been 
determined l)y the surveys, such as the street lines, car tracks, water, 
gas and sow(t pip(‘s, conduits for telephone, telegraph, electric light and 
heating, together with all manholc.s, gate-bo.xe.s, catch-basins, and other 
buried structures. The names of all streets, parks, public buildings, 
railroads, and water-courses should be noted and the points of compass 
shouii ])y the plotting of a needle indicating true or magnetic north, 
as the case may be. 

In detiTinining the wxdght of the lines and lettering, due regard must 
be paid to th(‘ ultimate n^duction which will be made in rej)roducing the 
map, if for publication, so that the lettering and lines may be well pro- 
portioned after the reduction has been made. 

If possil)l(‘, it is desirable to have the maps reduced by an amount 
such as to give an even scale, such as 1 in. to 500, SOO, or 1000 ft., 
depending upon the amount of detail shown and the size of the majxs 
desired. 

If the map is to lie photo-reduced it will be necessary to use colors 
which carl l)e rejiroduced by that method. Blue reproduces very poorly, 
but if a little red is put in sepia the latter will come out fairly if the work 
is done by a good photographer. 

The scale to be adopted for topographic maps will depend in great 
measure upon tlie amount of detail to l)e shown and the area covered. 
On a scale of 1000 ft. to the inch, it is possible to plot contours taken at 
fh-ft. intervals in rolling country, although in a hilly or mountainous 
country it would be necessary to adopt a largiT scale in order to show 
sufficient detail. 

The topograpliic map of Cincinnati recently made under the direction 
of Henry M. Waite included an area of about 102 square miles. It 
comprised abo«t 48 sheets, the scale being 1 in. to 400 ft. and the contour 
intervals being 2-1/2 ft. on slojx's of 6 deg. or less, 5 ft. on slopes of from 
6 to 12 deg. and 10 ft. on sIojk's of more than 12 deg. Each sheet covers 
an area 8000 X 11,000 ft., the engraved portion being 20 X 27.5 in. 
About 160 miles of precise levels were run in connection with this work 
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and 217 bench marks were set. The approximate cost of this map is 
given in Table 3. 


Table 3. — Approximate Cost op Topooraphic Map op Cincinnati 



1 Total ! 

P«r Hq. mi. 1 

1 Per cent. 

Triangulation 

$5,326 

$52.20 

7.27 

Precise levels 

5,650 1 

55.40 

7.72 

Traverse, plane table and mapping. 

38,242 

374.90 i 

52.25 

Reproduction (2()0 copies) 

19,145 

187.70 1 

26.15 

Office expenses 

4,837 

47 40 

6 01 


! $ 73,200 

r$717 60 

! 100,00 


In addition to the contours, which should be plotted in sepia, if prac- 
ticable under the method of reproduction, the water-courses, swamps, 
etc., should all be shown, preferably in blue, while the artificial features, 
such as roads, boundary lines, buildings, and all lettering, should be 
done in black, the weight of lines being decided upon after giving due 
regard to the possibility of reduction in reproduction. 

The maps which are to be used to show the proposed sewer system 
should not have all of the didail which has been plotted on the regular 
city maps. In fact, it is probable that none of this detail is required 
except possibly the street and steam railway tracks, thus giving ample 
space to plot the proposed sewers and their connections in a bold line. 
The detail maps, however, should be made and studied with considerable 
care in order to decide upon a suitable location for the proposed sewer 
in each street. Wheri- possible, it is desirable to have the entire sewer 
map on one sheet, even though this may require the complete re-plotting 
of the map. If this is not practicable, then a tracing may be made from 
the city maj), giving street and alley lines, railway tracks, water courses, 
parks, the important public buildings, and the magnetic needle; on this 
the proposed sewers can afterward be plotted. 

Profiles. — Profiles of each street in which sewers are contemplated, 
either at the time or in the future, should be plotted. 

The scale adopted for the profile will depend upon the profile paper 
used, and the detail to be shown. It is quite common to use Plate B 
profile paper with a vertical scale of 1 in, to 0 ft. and a horizontal 
scale of 1 in. to 40 ft. 

In such a profile, in addition to the surface of the ground, there should 
be shown an approximate profile of the ledge to be encountered, as 
determined from the borings which have been made, those borings 
being shown graphically on the profile to the depth to which each was 
taken, and the material through which the soundings were made being 
indicated by characteristic and conventional signs. All sewers and exist- 
ing pipes, conduits, etc., which intersect the line of the sewer, should be 
shown at their true location and elevation on the profile. The names of 
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liW rroH8 HlreelH nliould be iiidicatod, as well as tlie names of the streets 
throuKh wliieh the profile runs. The kinds of pavement to be excavated 
nJong t)je line of the .>ewfT should be indicated, with arrows to show the 
limits of each elasH of pavement. The elevations of the inverts of all 
pipes and .stnietnres and of all deep cellars should he indicated. 

Contract, Specifications and Drawings.-— C’ontract drawings slu)winK 
all details hhould be eompleled before contractors are re- 
(fiiostvd io %ii/e the work, thus giv'ing thetri the benefit of a eomplete 
knowledge of cxurily what structures are to be built and how' they are 
d(‘.signe<l. Such drawings should show, so far as practicable, all avail- 
able information bearing upon the eharac'ter of materials to be excavated, 
tlie location, size and character of structures likely to be encountered in 
the excavation, pavements, ear tracks, etc. 

The contract and spi'cifications should be so drawn as to sot forth 
clearly, and as eornpletely as possible, all work, requirements and condi- 
tions included iu or affecting the contract. While more time and 
exjXMise will be involved in preparing drawings and writing contracts 
and sjiecifications setting forth clearly all details and rectuirements, 
the net (!ost of the entire project will usually be materially less than if the 
drawings nu'rely show in a general way what is to be done and the 
sfiecificalions are ineonijdcte and obscure. Too much care cannot be 
used in tliis part of contract work, and much misunderstanding and 
difference of opinion between contractors, owners and engineers can be 
avoided if this part of the work is thoroughly and w'cll done. 

ORGANIZATION OF ENGINEERING DEPARTMENT FOR CON- 
STRUCTION 

No hard and fast rule can be given for the organization of this depart- 
ment, which must be such as to meet the requirements of the specific 
work in hand. The organization must have structure and a definite 
plan. It must have a well-defined line of authority, and individual and 
departmental responsibility must be so clearly defined that it may be 
thoroughly appreciated by each individual in the organization. To this 
end the work within each division or department must be clearly out- 
lined, so that there may be no doubt as to the field embraced thereby. 
The work must be systematized, and a thorough system of accounting 
established, so that the cost of running each department may be clearly 
shown. Above all, there must be good esprit de corps, cordial co- 
oj)eration and wod discipline. Tow’ard this end weekly joint meetings 
or conferences oetween the chief and division engineers at headquarters 
and occasional visits to the different branches of the work are very 
desirable. 

The size and plan of organization will depend largely upon the size of 
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th(' undertaking. An example which may be helpful to engineers about 
to form such an organization is that of the Commissioners of Sewerage 
of Loui.svilh*, Ky., Fig. S. In this organization the work was under the 
direction of a sewerage commission; the engineering work w'as in the 
charge of a chief engineiT, wlio, together with his consulting engineer, 
reported directly to the commission and was responsible for the work of 
the entire engine(‘ring department. The several departmental cn- 
giiK'iTH, one of wliom wa.s in charge of the headquarters and design 
divi-sion an<l the otlu'r.s of dilTerent divisions of the construction work, 
all reported to the chu'f engineer. 

The head(iiiart(‘rs divi.sion engiiuHT had control of the drafting dc- 
partMient, tin' laboratory, the accounting and bookkeeping depart- 
ment, and the department having charge of the test pits and borings. 
It i.s often ad\i.sablc for him to have charge also of the preliminary 
field swrvey.s. 

Fateh of th(‘ r(‘si<lent or division engineers had an office assistant 
who had charge of th(' rt'cords of the division, and several field parties, 
ea'di with an a.sMstant enginetT in charge, and also a force of inspectors 
in charge of the inspt'ction of re.spective sections of the construction 
ivork. 

In the organization here shown the stenographic force served the 
(Migineering dciiartment as wadi as the commissioners, and although 
tlu'ir diitit's were apparently divided they were directly responsible to 
tiic (diicf engineer, whose work occujiied the greater portion of their time. 



CHAPTER II 


ENGINEERING WORK AND INSPECTION DURING 
CONSTRUCTION 

Laying Out Trench Work. — There are a number of different inethodn 
in use for staking out trenches for sewer eonstruetion. In uiuieveloiKHl 
eountr>' stakes may be driven on the center line of the siiwer at 50-ft. 
intervals, from which the line of the excavation may be marked off 
on either side, after which the stakes arc removed as the excavation 
[iroceeds. 

A similar method may be used in city streets, except that in place of 
the stakes large spikes are dri\en into the pavement. In order that 
these spikes may be n'adily found a small piece of heavy canvas about 
4 m. sipiare may be placed on th(‘ ground and the sjiike driven through 
it, thus pinning the canva.s to the surface of the street. 

Stakes or spikes, according as the sewer may be in undevelojMHl or 
developed territory, may be driven on a line parallel to and offset a few 
feet from the center line, at oO-ft. intervals. In choosing tlu‘ side on 
which the.s(‘ offset stak(‘s or spikes should be driven, due consideration 
must be given to the si<i(‘ ot the trench on which the excavat(*d (‘arth will 
probably be thrown out, the stakes being placed upon the opposite side. 

If it is possible to have an instrument man on the work at all times, 
stakes or spikes at the center of each manhole will be sufficient. In this 
case the line for the 0 |>t‘ning of each piece of trench may be given directly 
by means of the instrument. 

Reference Marks. — In staking out sewer trench, the line should he so 
referenced that it may be readily and quickly located at the time of 
construction. Several methods are used for this purpose: 

1. The center of each manhole, where the sewer i.s straight between 
manhole.*?, may be referenced by means of “cross references” intersect- 
ing at the center. The.se reference points must be such that they will 
not be disturbed and yet may l)e etisily re-located and readily used. It 
should be possible to set the transit over one point in each pair of refer- 
ences in case it beeomc^s necessary to use the transit in finding or re-locat- 
ing the center point. In replacing a center point which has l>ecn dis- 
turlxxl it may not be necessary to set the instrument on each pair of 
references, if these reference points have been so located that a string 
may be stretched between each pair. In this case the intersection of the 
two strings* determines the center of the manhole. 
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2. I’ointM (»ri th(‘ friitcr Iinr of the Hovvcr, including the centers of all 
nmnhnh'.'', may each Ix' located hy two or more ties taken with a steel 
tape from nails driv(*ii into trees, posts, or fences, each properly described 
so as to i)e naidiiy found In making such ties originally, it may be well 
to hang tli(‘ ring of the tape on the nail so that the ties may be used by 
one person without assistance'. 

Transferring Line to the Sewer.— If the offsi't method of staking out 
sewers has been adojited, it is jxi.ssible to locate a stake in the bottom of 
the trench as it nears comph'tion by measuring the offset from the offset 
stake, 'riiis nn'llnxl is not recommended, however, inasmuch as caving 
of the banks mav disturb the offset stake and the use of bottom stakes is 
not coiivc'nient 

A rnoie aece]>tal»le melh(Kl of determining the sewer line is by means 
of '‘battel boards" hx-ated, as shown in Fig. 9, at 2r)-ft. intervals. 



The method of I'recting thes(‘ “batter boards" is as follows; 2 X 8-in. 
plnnk.s an' .M'leeti'd, about 7 or >v ft. longer than the top w’idth of the 
trench. Tlu>s(' planks are set up edgew i.se across the trench every 25 ft. 
and sunk into the surface of the ground on either side of the trench to 
a depth of 5 m. or more, and held securely in position by tamping earth 
solidly about ilu'iu. In paved streets, rather than to cut into the pave- 
ment.s outsidi' of the trench lines, these planks, or preferably 4 X 6-in. 
or 6 X 6-in. timbers, may Ik* set on the pavement and weighted down 
with compact earth or paving stones. 
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When a number of these cross pieces are in place, a transit is set up at 
the nearest transit point, and after obtaining line, a nail is driven on the 
true center line in the top of each of these cross pieces and close to one 
(unifonnly the same) edge of it. Pieces of 3 X 1-in. batten, dressed 
all around and about 3 ft. long, are then nailed sH'urely to these cross 
pieces, with one edge (uniformly the same) placed on line us determined 
from the nails al>()V(‘ referrt'd to, and an* plumbed by means ot a car- 
I)eiiter’s hand level or a plumb .string. 

The l<‘vel party then e.stabhshes a grade upon the.se battens at a given 
distance abo\e the invert of the sewer and drives a finishing nail (nail 
without a head) horizontally into the batten. These nails sliould Ih^ 
drivi'ii into the “line face" of the batten, and the distance which these 
nails are .above the invert of the sewer sliould 1m* elearly marked on the 
face of the batten. A stout cord is then fast<*ned around tin* batten and 
drawn up over the nail, at the .same time re.sting against the "Ime face” 
of the batt(*n. This cord is th(*n run to the nearest batten, drawn tightly 
over its nail, and wound around the batten, ami if it is d(*sired to con- 
tinue the line over a long<*r stretch of trench, the cord is th(*n run ahead 
to the next batten, and so on until at th(* last batten tin* string is firmly 
fastened. If the battens have* been projX'Hy set, and nails accurately 
driven, and the cord carefully adju.sted, making sure that it passes over 
the nail and clo.se to the batt(*n in each ca.se, it will, therefore, be parallel 
to the invert and vertically over the center line of tin* sewer. 

Checking. — The alignment of the battens should be checked by eye 
immediately following their .setting, to detect errors, such os the setting 
of the wrong edge of tlu* batten to line, etc. The alignment may be 
convenientl\ checked by sighting .several liattens with the naked (*ye, 
and in doing this cure must Ik* taken each time to allow tin* sight to in- 
clude two or more battens that have previously been checked, ho uh to 
detect a sudd(*n break in the line. 

It Is not sufficient merely to check these lines at the outset, but the 
insjK'ctor shoulrl cast his eye along the battens frequently during each 
day, and if the trencli has any tendency to .H(‘ttle or if there is opportunity 
for the batter board.s to be disturlKal, thes<? lines should be checked by 
instnimcnt at frequent intervals, f)ossibl\ daily. 

Grades. — As pre\iously stated, it is desirable to have well-defined 
and accurate bench marks established at frequent intervals, so that 
the instrument man may obtain the height of his instrument directly 
from a well-established l>ench at any point along the sewer trench where 
he may desire a “set-up. ” Having deU^rmined the height of instrument 
from such a liench, it is desirable to check that height of instrument 
liefore any grades are given by a sight upon a second liench mark, if one 
is available. In the absence of a second convenient lK*nch mark it is 
desirable to establish a turning point in the direction of the next adjacent 
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f)ench mark. After all tlu‘ grades have been given from the one set-up, 
the seeond bench or the temporary turning point should be carefully 
cheeked to satisfy the mstrunient man that his level has not been dis- 
turbed. When' th(‘ turning point has been used a secondary set-up 
should then be made to cheek this work with the next bench mark. 

In driving nails in the line face of the batten, preferably at evch feet 
above the sewer inviTt, the exact fio.sition of this nail should be deter- 
niiiu'd by the rodman by holding his rod against the face of the batten 
and at the same time holding the blade of his knife at the base of the rod 
ready to insi'rl the point of the blade into the batten when the levelman 
,signifi('s the correctness of the position. The nail is then driven so that 
its top will he level with this cut mark. After the nail has been driven, 
the roilmaii should hold his rod upon the top of the nail for the level- 
man's cheek. As soon as tin* nail is established, the rodman should 
mark upon the face of the batten the distance which the nail is above 
the invert. 

A more convenient method under some conditions is to hold the rod on 
the cross jiiece at the line nail, securing its elevation and computing 
therefrom the distance above or below the cross jiiece at which the nail 
should be (Irni'ii. 'Flus distance may be measured by a rule and the 
nail driven accordingly. 

Still anotlu'r method is to measure off the proper distance on the batten 
and mark it with a pencil line across the stick. The batten is then 
naih'd to the cross jiiecc' so that the pencil line will coincide with the top 
of the cross piece. 'I'he cord is then drawn over the top of the batten, 
the center of which is ov('r th(‘ center line of the sewer. This is probably 
the <\uickest method and in the hands of careful engineers has given 
entirely satisfactory results. 

When till' cord is tightly drawn over these nails from batten to batten, 
the string then being parallel to and at a stated distance above the invert 
of the sewer, the grade is transferred therefrom to the invert by means of 
a graduated jiole terminating in a shoe, shaped like a bracket, set at 
right angle.*' to the pole in such a manner that when the base of the bracket 
is in the invert of the pipe and the pole held plumb, Fig. 9, the correct 
distance is established by raising or lowering the pipe until a mark on the 
pole agrees with the distance marketl on the face of the batten. 

After the pipe has been brought substantially to its true grade, its 
alignment is elieekeii by means of a plumb-bgb, suspended by a string 
held lightly against tlie stri'tehed eord, so that the point of the plumb-bob 
rests immeiliately above the erown of the sewer pipe, the pipe being 
moved over until its center is immediately below the point of the 
plumlvbob. 

The grade nails should be checked frequently, first immediately fol- 
lowing the setting, and occasionally throughout the day by sighting 
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over the tops of a half doaseii or more to make sure that they also arc 
in a common plane, care being taken to sight over at least two nails 
that have been previously and similarly checked. 

Layout of Disposal Works and Other Structures.— All structures 

should be staked out in a manner that will |>ermit placing reference 
marks which will remain permanent and accessible throughout the 
construction period. Many of these reference points should jicrmit 
setting a transit over them. The reference points should he sufficient 
in number so that ius the structure grows there always may be several 
points from whicli tlie line of sight may be ol>tained. 

In addition to these ]>ermaueut reference marks and transit points, it 
is of great advantage, (‘sjK'cially during the period of excavation, to 
make u.k* of batter l)oards placed out-side the line of excavation in a 
similar manner to tliost* used by the house builder in excavating for and 
building liouse foundat ions. The posts for such batt«‘r boards should l>o 
firmly driven and the boards placed at a uniform elevation, correspond- 
ing with, or to a stated distance above or below, some important grade 
of the structure. Tin* lines of tin* excavation may be established on 
tliese l)oardH and nails driven in their tofw, across which strings may 
be drawn to indicate such lines. 

Wlien a large* area is to Ik* excavated to one or more levels, these 
batter boards may be used for sighting, and the finished grade of excava- 
tion ascertained by a stick on which a cross stick is nailed at such an 
elevation aliovi* ith bottom as corresponds with the elevation of the batter 
boards above tin* gradi* reiiuired. In this way a number of fKiints 
about the area to Iw excavated may Ik* “spotted*' and the balance of the 
excavation brought to conform to these grades. 

Where con(!rete or other masonry is to l)c placed directly upon the 
bottom of the excavation over a considerable area it is always wise to 
test such excavation, just prior to its completion, with a level and rod as 
a precaution to iirevent unnecessary excavation and refill. 

Lines and grades should l>e given by the instrument man directly on 
all forms for masonr>' as well os on all other structures when these are 
first placed, and such lines and grades should be frequently chocked dur- 
ing the progress of the work. 

Before the work is laid out a number of bench marks should be estab- 
lished at convenient points. The elevations of these bench marks should 
be accurately determined and the benches should be permanent, easily 
accessible, and well protected. 

Where a river is to be crossed by a sewer and where outfalls are to be 
laid far out into a body of water, it is absolutely necessary to have the 
lines so referenced that they may be re-established accurately and 
quickly at any time. 

Where possible to get a permanent foresight, a common method is to 
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CHtabliBli a transit [)oint on or near tlic shore, at a point on the center line 
of the proposed structure, which can be readily occupied at any time 
during tin* progress of the work, cither directly, before the excavation 
has been made, or by means of a platform during the progress of the 
work. 

A range line is thus established between this point and the'per- 
maneiil foresigbl, whicli may be a prominent point on a building, such 
as a Ht(‘('i>l(' or (lag pole on the op|)Osite shore, in the case of a river or 
small lak(‘, or a targi't upon a bunch of piles driven beyond the limits of 
the outfall or intake in the lake or ocean, as the case may be. 

To estal)lish definite points on this range line, a second transit may be 
located at tlu' oth(‘r end of a base line e.stablished on the shore of the 
lake or the bank of the riviT, this base line being of such a length as to 
make th(‘ angles of intersection between the base line and the line of 
sight to the various points along the line of the structure larger than 45 
deg , if possible 

The stadia may be us(*d for locating points along the range line, 
proMih'd It is possible to hold the stadia board reasonably (|uiet during 
the oliservation. This can be done where a sight is given from a heavy 
and substantial steam launch, raft, or scow, but is not practicable with 
the ordinary rowboat. 

.\notlier and very positive method of locating the center line of an 
outfall or intake is by means of batter boards upon pile bents driven 
solidly into the bottom of the body of water across the proposed line of 
the structuri'. Tlie center line can be established on these batter 
luiards and can b<‘ checked up frequently, the distances being measured 
directly, using extra long ta])e8 where it seems necessary to make the 
sjmeing gn'nter than tiie length of the ordinary steel tape. In this case 
floats should Ik* provided to support this tape at intermediate points. 

SUPERVISION AND INSPECTION 

All construction work should receive careful supervision to insure 
securing structure.^ conforming with the plans and requirements of the 
engineer. For this purpose it is customary to furnish the resident 
engineer one or more ins|)ectors, whose duty it is to sec that all work as 
laid out by the engineering department is faithfully and accurately 
execuUal. 

It is the duty of the insjiector to safeguard the permanency of all line 
and grade boards, reference marks, etc., and he should satisfy himself 
by frequent observations that such boards and points have not been 
disturlied, and if in doubt as to their accuracy at any time should caII 
immediately uimn the engimHiring force to re-test them. 

The iu8i)Cctor should assure himself that all lines and grades furnished 



ENClNEElilNa A\D ISSPECTION DI EISG (X)SSTRirriON 31 


by ibe engineer on butter boardn are aenirately transferrt'd to the strue- 
turc. In sewer work the inspector may choose to j)erform this work 
first hand, giving the line by means of the phinil>-bob and testing tlie 
grade by means of the grade [)oIe us already d(‘seril)ed. Where the work 
is pt'rformed by eontraet, stK'cifiration.s usually re<juire this work to lx? 
don^ by the contractor “to the satisfaction of the enginfM»r/' in which 
ease the insjiector may justly require the contractor to attend to the 
alignment and grading of the structure, tlie insj)ector satisfying himself 
by fret^uent tests as to the accuracy of the work. 

All materials should )>e insj)ected upon delivery, and some should bo 
again ins}>ected when they are to be put into the work. The character 
of workmanship should be sulqect to constant insjH'ction. 

Pipe. —I'he insp(‘ction of vitrifiiHl pifie is <l»‘s( ribed in (’hapter XI. 
('ast-iron pipe should 1m* insjK'cted as unloaded from the car arnl 
again before lowering into the trench, sjM'cial care being taken to note 
the appearance of cracks at the spigot end. A heavy cotton mitten or a 
bunch of dusty waste may be used to rub over the spigot, both outside 
and in, and if the pijH' i.s cracked, the du.st found on the pijH* or contained 
in the \Na.ste when rubbed into the crack makes it more readily visible, 
as IS the case with vitrified clay pi|>e. Crackl’d pi|M‘ may also bo dis- 
covered by ‘ sounding” with a wooden mallet while susjiended or on the 
“rolls. ” 

Cement. — Cement shouhl be delivered sufficiently in advance of the 
tiriK- when it will be required for use to permit the te.sts reiiuired under 
the contract. The method of storing and tagging will dcfx'nd upon the 
size of the work. W here only small quantities are lading used and the 
cement is delivered by the dealer in wagon loads, the tagging should be 
done when it is unloaded from the cars into the dealer's storehouse. 
Provision should be made for setting aside that portion of the cement to 
b( used upon the sewer work so that the dealer will not send it out for 
other construction. Under these conditions, it is usually necessary to 
place a tag on each bag of cement, for the storehouse is not likely to l>e 
under the eye of the ins|>ector. He can be sure that the cement de- 
livered has l>een tested only if each bag is tagged. Upon larger work, 
reijuiring a number of carloads of ccim’nt, where tiie contractor must 
provide a special storehouse for its protection, it will only l)e necf^ssary 
to tag a relatively small numl>er of bags, as one in every six or ten. 
Such storehouses are usually sufficiently close to the work so that the 
inspector may have a reasonable knowledge of the quantity of cement 
on hand and the portion which is being delivered. Where large quanti- 
ties of cement are being used upon several different portions of the work, 
and the testing is done at a central laboratory, it will be found convenient 
to mail from the lalxiratory each evening postal cards designating the 
numbers of the carload lots of cement which have l)cen released by the 
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tests of the day, thus Riving to the insiK‘etors a record of released cement 
from which the contractor is entitled to draw. 

Sand. —All sand should he in.spected for its cleanliness and suitable- 
ness, ami where the importance of the work justifies it, may be analyzed 
mechanically to mak(‘ sure that it is of tlie projier proportions. Experi- 
ene(! show’s that some sands give good results w’ith certain brands of 
cement and poor results with other equally good brands. On important 
hydraulic work some engineering firms now require cement to be tested 
with the sand to be used on the w'ork, as they have had to change brands 
on important contracts because of this jieculiarity. Taylor <fe Thomj>- 
son, in the second (*dition of “Ooncrete, Plain and Reinforced,” page 
l')h, ('Xpress the Ix'lief that “unless the sand is from a bank of known 
(juality it is (‘ven more n('c(‘ssary to test the sand than to test the 
ci'inent,” and thcw n'fer to the tests recommended by the Joint Ooin- 
mittei' on C^oncn'ti' and Iteinforced Ooncrete in 1009, as follows: 

“.VIorfars composed of one part Portland cement and three parts fine 
aggn'gate, hy weight, when made into briquettes should show' a tensile 
strength of at least 7()[)ereent of the strength of 1:3 mortar of the same 
consistency made with the saim* ceimmt and standard Ottawa sand. To 
avoid the reimtvalof any coaling cm the grains which may afTect thestrength, 
hank .sands should not be dried before being made into mortar, but should 
contain natural moisture. 'Hie percentage of moisture may be determined 
upon a separate sample for correcting weight. From 10 to 40 per cent, 
more water may be required in mixing bank or artificial sands than for 
standard Ottawa sand to produce the same coiLsistency. 

“Since the relative strength of sand mortars, which are free from organic 
or other impurities, i.k governed by the sizes and relative sizes of the grams, 
mechanical analysis test^ are recommended by the Reinforced ('oncrete 
Committee of the National As.sociation of Cement Users, 1909, as frequently 
of great value m selecting a .sand 

“The ndative strengtfi of nu)rtars from difTerent .s.ands is largely affected 
by the size of tlie grams A coarse sand gives a stronger mortar than a fine 
one, and gem'rally a gradation of grains from fine to coarse is advantageous. 
If a sand is so fint' that rnon' than 10 per cent, of the total dry weight passes 
a No. 1(K) siev<‘, that i.s, a sieve having 100 meshes to the lincjir inch, or if 
mon* than 35 per cent, of the total dry weight passes a sieve having 50 
m«<hes to th(' linear inch, it should be ixqected or used with a large excess 
of cement. 

“For the purpose of comparing the quality of different sands a test of 
the mechanical anaivsis or granulometric composition Ls rei'ommended, 
although this should not be substitutH for the strength test. The per- 
centagtw of th-' total weight passing each sieve should be recorded. For 
this test the following sieves are recommended.' 

' 8h<H«t brAM p«'rfi>ral«d witli ruuud huU-n pajcscn thr nmlrrittl more quickly than square 
hole* Round holes rornvpoudiUK to aie\es No 8, 20 And .50 respectively are approxi* 
mately 0 125, 0.05U 0 020 in diAineter 
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0 250 inch diameter holca* 

No. 8 mesh, holes 0.0955 in. width, No. 23 wire 
No. 20 mesh, holes 0 0335 in. width, No. 28 wire 
No. 50 mesh, holes 0.0110 in, width. No. 35 wire 
No. 100 mesh, holes 0.0055 in. width. No. 49 wire 

“Yo determine the percentage of organic impurities, the silt can be 
remf»ve<l from the sand l)y placing it in a large bottle and washing it with 
several waters. The wash water is evaporate<I, and the residue is screened 
through a No, 100 mesh sieve to remove coarse particles which do not 
the strength. Tl»e silt passing this sieve is weighed to obtain the percent- 
age of tli(‘ original sand, and then ignited in a platinum crucible to detormine, 
after driving off the water, the pcn*entage of combustible organic matter. 
Altliiujgh data on the suliject are incomplete, tests by Mr. Thompson tend 
to indicate that if the silt in a sand has more than 10 per cent, organic 
matter, and at the .same time if the organic matter amounts to over 0,1 
per ('ent. of the total sand, the use of the sand may be dangerous.”* 

Crushed stone and gravel should he inspected as to character, 
quality, and condition after the same general manner used for the sand. 
The chiiructer of the material, particularly with reference to its sound- 
ncHH and .suitability for tlie work in hand, is of importance because there 
i.s a great difference in the chararter and hardness of the different stones. 
Particular care .should b<‘ taken to obtain sound stone that has not weath- 
ered badly. 'I'he liniestones may be distinguislied from the quartzite 
and irap rocks by the us(‘ of hydrocldoric acid, which produces offer- 
vcHciMici' when iqiplied to the limestone. Care must be taken to have 
stone whicli i.s rea.soiiably clean and free, from dirt, in order that the 
cement may bond tlu* stones securely. 

It is de.sirable to make mechanical analyses of the aggregate from time 
to time in the .same general manner as of sand, in order to get the 
densest and most economical mixture. The mechanical analysis of 
sand is descrilHsl in Volume III. 

Brick.— Brirk should be examined to make sure that deliveries are in 
accordance with the contraid, ami that the brick art* similar in hardness, 
size, shajK*, imjxTviousncss, composition, color, etc., to the sample 
submitted. The brick should also be clean and free from any foreign 
coating wiiich would prevent good liond with the mortar. In certain 
classes of work, alisorption tc.st6 must be mode to determine the 
porosity of the brick. 

Reinforcing steel should be examined when delivered, to make sure 
that it conforms with the bill of materials, and the cross-sections of the 

' No 4 «ievp, hnvin* 4 ihmIuhi p»T liDr»f inrb. approxitriAt^'ly the »*me aim 

Kr»in)i ** A wfve with 0 2.5 di*ni«'t«fr h«W 

* S«! " ImpuritiM in Sand for ConrivU’ " by Hanford E Tboropaon. 7V««*. Am. 8oe. C. E., 
1901? Tb« Aubiect w alw. di*cu«a«i m Chapt4rr XIII under Mortar. 

3 
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(liffcrcni rods should bo measured. It is desirable, of course, that the 
iiiateriul should be received free from rust and mill scale, but absolute 
adherence to this requirement is difficult of attainment in practice and 
will involve substantial cost which is generally not warranted in view 
of the protective effect of mortar upon the steel. Any serious rusting 
or pitting of the material should, however, be sufficient cause for its 
rejection. 

Miscellaneous, — dates, valves, and other specials should be examined 
to mak(‘ sure tliat the correct number of the various sizes as called for in 
the order are df'liviTi'd, that th(‘y conform with the specifications, and 
that th(\v have not been damaged in transit. 

All oth(‘r matmials delivered for use in the work should be thoroughly 
e.xaniined to make sure that they are suited for the work required. 

It is the inspector’s duty to reijuire and secure the quality of work- 
nuinship napiired by th(‘ contract. To this end he should satisfy himself 
that pijie inverts are smoothly laid and set to the proper grade; that 
joints are prejianal as required by the contract ; that all surplus jointing 
material is i ('moved from the inside of the pipe as the work progresses; 
that water in the trench is kept below' and from within the })ipe until 
the joints are {lerfectly set ; that concrete is mixed in proper proportions 
and of suitable consistency and placed in a satisfactory manner; that 
coiK'n'te forms ar(' erected to the lines ri'quired, and so constructed 
as to secure a satisfactory surface and to prevent loss of W'ater 
through imp(‘rf(‘ct joints. 

Excavation. “Although insjiectors often consider that excavation and 
backfilling napiin' but little or no inspection, it is, on the contrary, very 
important that due attention be given to this branch of the w'ork 
throughout tlu' (‘iitire pi'riod of construction. In fact, carelessness in 
excavation or m backfilling may be the cause of great inconvenience and 
Imavy financial loss, due to the settlement of the surrounding ground and 
Iht' adjacent buildings, cracks in or deformation of the structure being 
built, and like troubles. 

To pn'vent the occurrence of such settlement, it is very important 
that the inspi'ctor should be keen in his observations of the excavation to 
make* sure that no unnecessary materials are excavated, either directly 
or indirectly, from outside the trencli line; that the bracing of the trench 
is sufficient to prevent .settlement, and that the sheeting is kept 
driven sufficiently in advance of the excavation to prevent inflow' of 
materials at the side of the trench. Where quicksands are encountered, 
the greatest precautions should be taken to prevent Imiling of the 
sand w ilh its resulting tendency to cause .settlement of the surrounding 
territorv. 

In this connection, when material is to be traversed of such a 
nature or under such conditions as to be likely to displacement or 
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flows W'hich may cause serious or (ianiufting settlement, of a(ljae(‘nt 
structures, it is well to take pliotugraplis (which simuld l>e dated on 
the negatives) of the adjacent buildings and to take a suflicient 
numl>er of elevations upon the buildings so that complete informa- 
tion may be had fis to the condition oi these buildings l)ofore and 
after* the execution of the work. 8uch information may be of the 
greatest value in case of litigation. 

Precautions should also be taken to prevent the excavation of material 
from l>elow grade except wliere its inferior quality rcnpiires iU removal 
and replacemi'nt with more suitable material 

BtckfiUing.—Careful and faithful backfilling is of th(‘ utmost impor- 
tance, although frequently .seriously neglected. Where underdrains are 
laid beneath sewers, tlie inH|M‘ctor mu.st sis* that they an' proiM*rly laid 
and surrounded w ith scrt'cned gravel or crushed stone and that the refill- 
ing below’ subgradi' is thorougiily done, that there may be no danger of 
settlement of the sewer. 

rnderdrains for filter beds may re(pnre sjx'cial treatment, in which 
case the information in the sfK'cifications and ilrawings should be such 
as to afford the inspector, as well as the contractor, his instructions. 

The material Used in backfilling around pi|H‘ sewers should be fine and 
free from lumps, well tanqM'd beneath and adjacent to th(‘ sides of the 
pifK's, and in 4 to O-m. layers until th(' pipe hiis Imsmi c(»vered from f) to 12 
in. in depth, and where setthmieiit of the surface is to be prevented, the 
n'maining backfilling .should also be placed in layers, each thoroughly 
tiimjK’d. If the material is dunqs'd from a height exceeding 5 ft. above 
the top of the masonry or pifK' its fall must be broken by a ii.mher 
grillage or other meun.s, so that no damage will occur to the structure. 

If tlie backfilling around and l>eneath the pijK' is not carefully and 
thoroughly placed, there is a tendency for the earth to settle away from 
the pijK‘ and leave it without support, so that the weight of the super- 
im|K)sed I'arth may deform the pipe and cause ultimate failure. 

Removal of Sheeting.— Sheeting driven below the springing line of a 
sewer should not Ih‘ withdrawn unh*sM al>solutely necessary, as it is 
extremely difficult to fill the voids thus left, in which case the structure 
does not have the sujqwrt it should from the banks of the trench. 

If the shof’ting is drawn after the trench has Inxm backfilhxl, and 
especially if it has lxH*n driven below the springing line, care should be 
taken to iill the voids thorougldy so as to prevent the ultimate slumping 
of the earth already backfilled around the piiK*. One way of accom- 
plishing this Ls to withdraw the shwting a little at a time, as the back- 
filling progresses, and to force some of the partly backfilled earth into 
the void thus left by the withdrawn sheeting by means of a water jet, 
consisting of a 1-in. garden hose terminating in a piece of 3/4-in. water 
pipe. This pipe nozzle can then be forced down through the backfilling 
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and by moving it up and down the partly backfilled earth may b«s 
washed into the void, thus compactly filling it. This pipe, if of sufficient 
length, may be operated by a man on the surface without interruption 
of the backfilling. 

Where it is considered that the backfill is liable to settle, it is not 
desirable to replace the paving in its final position until time has been 
allowed for this settlement. Consequently paving is frequently placed 
in a temporary manner, so as to permit the passing of teams and traffic 
with safety during the period of settlement. 

Final Inspection. — Notwithstanding that the daily inspections may 
have been thorough and painstaking, a complete and systematic inspec- 
tion of the entire work should be made before it is accepted. 

The engineer should walk through the entire length of all large sewers, 
with a powerful lamp equipped with a good reflector, to observe critic- 
ally their physical condition, cracks, abrasions, leaks or defects or weak- 
nesses of any kind, and the presence of foreign substances, such as lum- 
ber, bricks, and d^^bris. 

In passing through tunnels, test should be made frequently by striking 
with a long and heavy bar for hollow sounds resulting from incomplete 
filling of the entire excavation outside of the tunnel lining. If any such 
fwints are found their location should be noted and marks should be 
placed directly upon the masonry to aid in re-location. Such voids 
should thereafter be completely filled with rich cement grout, by means 
of a powerful force pump. 

All small sewers should be systematically inspected by means of light 
thrown in either by reflecting sunlight, powerful electric lamps with 
reflectors, acetylene lamps, or by means of floating lamps or candles. 

If there appears to be considerable leakage into the sewer, it is well to 
measure it as accurately as practicable at a time when conditions are 
favorable to infiltration. At certain seasons of the year there may be 
little or no infiltration because the sewer lies above the surface of the 
ground water, while at other seasons it may l>e under considerable head 
and the quantity of leakage may be large. Under conditions favorable 
to infiltration an average leakage as low as 5000 gal. per day per mile of 
sewer may Im? considered to have reached the practical minimum, 
although if this quantity of water finds its way into the sewer at a single 
point or in a short length of sewer, the leakage may be considered 
excessive and the re-construction of the sewer at this point or locality 
may be warranted. The subject of leakage is discuss^ in Volume I, 
page 182. 

It is difficult to fix upon the maximum quantity of leakage which 
should be permitted and beyond which the sewer must be repaired or 
re-laid. One principle to be borne in mind is that it is us^ess to tear up 
and re-build a sewer to prevent leakage if the conditions are such that 
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there is a probability that the re-oonstructed sewer may leak as miieh 
as the one taken out. The time to prevent leakage is when the sewer 
is being built. If, however, in spite of the roost careful work and 
rigid inspection, it develops that there are serious leaks in the sewer, 
those portions through which the water finds admission should be taken 
up and re-constructed, or the sewer may be encased in masonry if the 
leakage is localised. 

Leakage.~-By noting the increase in the rate of flow from manhole to 
manhole or section to section, it may be possible to locate the sections of 
the sewer furnishing the larger portions of the leakage. By danuning 
the flow just above this section of the sewer by means of movable 
plugs, sand bags, or other devices it may be possible, by means of reflected 
light, to locate the source of leakage within the section. If such leakage 
is found to be local, the spot or spots should be excavated and the sewer 
or the house drain, as the case may be, should be repaired or re-laid. 

In connection with the damming of such sewers for the purpose of 
inspection, care should be taken to make sure that neither the sand 
bags nor the plugs wliich may he used are forced into the sewer, lest the 
sewer be thus plugged in a manner which it may be very expensive to 
remedy. 

The entire district in which sewers have been laid should be traversed, 
and the backfilling carefully inspected and notes taken of any pave- 
ments which should be replaced or trench which needs repair. 

Relationa of Engineers and Inspectora to the Contractor. — So many 
and varied conditions affect the relations existing between the engineers 
and inspectors and the contractor that no specific rules of conduct can 
be formulated which the engineers and inspectors can follow in all eases. 
The engineer is usually in the position of judge rather than advocate, 
and it is for him to interpret the contract fairly as between the sometimes 
conflicting interests of the two parties to the contract. This position is 
often a difficult one, requiring experience, a judicial temperament, self- 
control, tact and firmness. 

Much difficulty may be avoided by carefully prepared contract, 
specifications and drawings showing the work to be done with accuracy 
and in detail, based upon a general scheme well thought out and studied 
in advance. Under ideal conditions, the contract, specifications and 
drawings will tell the contractor exactly what is to be done and he cm 
base his bids upon a nearly complete knowledge, the only questions 
remaining being those raised by conditions which cannot be known 
in advance. Ideal specifications and drawings rarely if ever exist, but it 
should be the effort of the engineer to make his approach the ideal as 
dosely as possible. 

A spirit of active and friendly coH}peration with the contractor should 
always be cultivated by memb^ of the engineeriiig corps in the intersft 
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of good and rapid construction. Under such conditions, good mutual re- 
spect is usually soon established, and if the questions arising in the inter- 
pretation of the contract arc decided in the light of common sense and 
fair dealing, the work should proceed under harmonious and favorable 
conditions. It is the duty of engineers and inspectors to secure the 
(juality of work required by the specifications, which quality should be 
d(?fined in them as accurately as possible. As a rule, it is scarcel^^ more 
exf)en8ive for the contractor to provide first-class workmanship than to 
do the work in a careless and slovenly manner. If this principle is 
recognized by the contractor, and his work is so planned as to bo skillfully 
handled, much will have been accomplished to secure harmony between 
the engineering force and the builder of the sewer. 

MEASUREMENTS AND ESTIMATES 

Preliminary Measurements. — The necessary measurements depend 
largely upon the method of payment stipulated in the contract. 

In trench work, if payments are to be made on the basis of “unit 
prices,” a j)rofilo upon the center line, using stations ir) common with 
thos(‘ used in laying out the work, should be made, and when* ledge is 
encountered at an elevation above subgradc it must be ])rofiled before 
being removed. The.se measurements are made the basis of payments, 
and must be accurately made and recorded. 

Where the contract provides for payment on a “j>er linear foot of 
trench” basis, the above profiles are desirable for record, although not 
absolutely necessary. 

For sewiigc treatment works and other structures, the surface for the 
entire area to be excavated should be cross-sectioned, together with all 
areas of ledge encountered at the start or during the progress of the work. 
All features calling for sjKJcial payment under the contract should be 
measured up in advance of the work, such as the nuniber of square 
yards in all pavements to be removed, the area and average depth of all 
top soil to h(‘ removed and re.ser\^ed for future use, and the linear feet of 
piping to be taken up and re-laid. 

All the pipes and other structures encountered by the excavation 
during the progress of the work should be carefully located and a full 
description reconled as a part of the permanent record. 

Final Measurements. — In trench work the length of each size of pipe 
should be recorded as laid in each section of the work, and an accurate 
record made of the size, location and description of all branches and 
specials buUt^ the work. Unless the engineer is constantly upon the 
work it may not always be practicable to secure ties to all branches 
before they are covered. Where this is impracticable, the inspector 
should provide a suitable marker which can be measured when the 
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engineer is next available. This is sometimes done by placing at the 
branch a long pole which extends to the surface of the street. Other 
engineers require a proper mark upon the sheeting or a stake driven at 
one side and tied ” into the branch. Many mistakes have occurred in 
the location of branches due to these indirect methods of measurement 
and it w preferable to require that the branches be left uncovered until 
measurements arc taken. All structures such as manholes, catch basins 
and hushing chambers should be measured and carefully ret^orded 
immediately upon their completion. The length, sise, location and 
method of construction of underdrains should be accurately measured 
and rec.orded. All sheeting '‘left in place” should be recorded, showing 
the location of the same together with its length and dimensions. 

For sewage works and other structures the grade of all finished 
excavations should be taken by incans of cross-sections on the same sta- 
tioning as were the original cross-sections, and the limits of ledge ex- 
cavation should bo cl(‘arly showm by the records. 

Estimates. — Although the contract may only require the making of 
monthly and fimil estimates, it is frequently desirable that the engineer 
make approximate daily estimates of certain portions of the work. For 
example, where a concret(^ structure is being built, it may be desirable 
to make ilaily estimatt^s of the quantity of concrete placed, and compare 
them with the record of the quantity of cement and aggregate used. The 
quantity of concroto produced by the use of a given quantity of cement 
and the ro<|iiired proportions of aggregate may be determined approxi- 
mately by the use of Win B.- Fuller’s formula. A comparison of the 
quantity of concrete actually placed with that computed in this way 
may disclose errors in mixing, or in the size and placing of forms. 
Fuller’s rule is simple and may be expressed as follows: 

“ Divide 11 by the sum of the parts of all the ingredients, and the quotient 
will be the number of barrels of Portland cement required for 1 cu. yd. 
of concrete. The number of barrels of cement thus found, multiplied 
respectively by the “parts” of sand and stone, will give the number of 
barrels of each required ff»r I cu. yd. of concrete, and multiplying these 
values by 3.8 (the number of cubic feet in a barrel), and dividing by 27 
(the numl>er of cubic fwt in a cubic yard), will give the quantities of sand 
and stone, in fractions of a cubic yard, needed for 1 cu. yd. of concrete. 
To expreas this rule in the shape of formulas: Let c ■> number of parts 
cement; s « number of parts sand; g -* numl>er of parts gravel or broken 
stone; then iP»ll+(c number of barrels Portland cement 
required for 1 cu. yd. of concrete. 8.8Pg/27 >■ number of cubic yards of 
stone or gravel required for 1 cu. yd. of concrete.” (Taylor & Thompeon’s 
“Concrete,” second edition, page 16.) 

Measurements should be taken monthly covering the total amount 
of work done to date under each of the items of work as enumerated in 



40 


AMERICAN SEWERAGE PRACTICE 


the contract. These measurements should be approximately complete 
and serve as the basis of the monthly estimates upon which the con- 
tractor draws his intermediate payments. 

At the completion of each portion of the work and at the completion 
of the entire undertaking, final measurements should be taken with 
necessary accuracy, to determine the actual amount of work performed 
upon which final payments are to be made to the contractor. The 
computations for these final statements should be carefully made, 
systematically arranged on computation sheets, thoroughly and intelli- 
gently checked, and carefully preserved as a part of the construction 
records. 


RECORDS 

All records made in staking out sewer trenches and structures should 
be preserved in standard note-books. Such records should be syste- 
matically arranged, so that all steps are shown and are easily intelligible. 
They should be thoroughly indexed during the progress of the work. 

For sewer work these notes should show not only the elevation of the 
invert for each station where grades are given but aUo the rate of grade, 
or slope of sewer, the size of sewer, the elevations given upon the batter 
boards or grade pegs, and all level notes by means of which such eleva- 
tions are given. All secondary readings given in “checking up” of 
grades should also be recorded. A form of notes suggested for the 
staking out of sewers is shown in Fig. 10. 

It takes but a little time to record the character of the soil encountered 
in trench excavation, and it is highly desirable that such records be made. 
The infonnation may be of service not alone to the department for 
which the work is undertaken, but also to other departments, public 
service corjwrationa and private parties having occasion later to excavate 
in the same locality. Such records should show the characteristics 
of the various soils, ledge, etc., together with a memorandum as to the 
elevation of ground water, note being made of the season of the year, the 
weather and temiwraturo to afford as much information as possible as 
to the conditions existing at the time the data were recorded. 

Accurate location of all pipes, culverts, conduits and other buried 
structures encountered in the excavation should be made and recorded 
permanently. Each sheet should be dated and the initials of the 
note-taker preserved. 

All official computations should be made on standard computation 
sheets, each<.#heet being headed with a description of the computation 
involved, together with the date and initials of the computer, each in a 
space allotted for it near the head of the sheet. To prevent loss of 
such sheets during computation, it is desirable to keep them at all times 
in a ring-book, and when any set of computations is completed they 
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should be fastened tofj^ther on the left-liand edge, so that they may sttll 
be used in the ring-book if desirable, clearly marked on a title page, and 
if not required for frequent reference, filed away. All such computation 
sheets should show the source of all information by means of referenoe 
to the note-books, diagrams or other data used in the computation. 
The summarized findings should alwajTt be clearly indicated to save 
time in assembling and checking data. The use of red ink for record- 
ing the results will save time and lessen the chance for oversight. 



Fia. to. — Form of notes for staking out sewer grades; kept on facing pages 
of note-book. 

of the two paicM of thi« not«>book is 4| in wide and 7 in high. The ruling on tb« 
left-hand pages U blue wHh every fourth vertical line red, while that on the right-hand pni** 
is blue except for a vertical red line down (he center. The lines are A io- npvt rsriiiwlly 
and hohaontidiy. The date of the work and (he initials of the instrument man, rodmaa and 
note-taker should be placed on the top of one of the pages. 


Each field note-book should be thoroughly indexed within its own 
covers on pages allotted for the purpose at the beginning of the book. 
This index should also be recorded in a general office index, either in a 
book provided for the purpose or in a card index. 

As the completed structures rarely conform exactly with contract or 
preliminary drawings, it is important and customary to provide, at the 
completion of the work, record drawings showing in detail the structures 
as finally completed. 

Record drawings may be provided by making alterations upon the 
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tracings of the contract drawings, although usually it is better to make 
new drawings for this purpose. One reason why this latter course is 
preferable is that it makes it jKMssible to preHer\'e unaltered the original 
preliminary or contract drawings. Either the originals, or copies of 
contract drawings, should always be preserved for future reference, at 
least until final settlement has been made with the contractor and all 
claims for damages arising out of the contract have been fully satisfied, 
and whore practicable, it is desirable to keep them indefinitely, as 
questions arc likely to arise in the consideration of which the contract 
drawings may be of considerable value. 

Record drawings should show the exact location and dimensions of all 
s|R‘ciaIs, branches, house connections, manholes, flush- tanks, catch- 
basins, inlets and the details of all other structures built. They should 
show the elevation of inverts and the slopes of sewers, and should have 
uj>on them references to note-books containing the data upon which the 
drawings are based. 

Record profiles arc often made and are frequently helpful in future 
studies. They may be placed upon the sheets upon which the other 
record drawings are made, or they may be drawn upon separate sheets, 
as proves more de.sirable. They should show the kind, size, slope and 
elevation of the sewer, and where practicable, it may be well to indicate 
the kinds and stratification of the materials excavated. They should 
show the location and names of cross-streets and alleys, and location of 
pipes, conduits and other structures encountered. 

In most cases a scale of 1 in. to 40 ft. will be found practicable and 
most convenient for record drawings and for record profiles 1 in. to 40 ft. 
for the horizontal scale and 1 in. to 4 ft. for the vertical scale. 
Elevations and sections of details are i)referably made on a scale of 
1/4 in. to 1 ft. or 1/2 in. to 1 ft., depending upon the size and character 
of the detail. 

Tracing cloth of the best quality has proved satisfactorj^ for record 
drawings. Where the drawings are subject to frequent use, prints 
should be provided, bound in loose leaf covers, and the original 
drawings, laid flat, should be filed in a dry, fire-proof vault. The 
originals should be user! only for the reproduction of prints and for 
making additions or corrections from time to time, as may be required. 
The older practice of using egg shell paper mounted on muslin for record 
drawings has the distinct advantage that changes can be made without 
serious injury to the paper. This material, however, is subject to the 
great disadvantage that reproduction from it can only be made by trac- 
ing or photography. 

Record profiles are preferably made on tracing cloth, although the 
comments already made with reference to other record drawings apply 
to the record profiles. As all papers and cloths are subject to shrinkage} 
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it is desirable upon important work to provide vertical and horiiontal 
graphical scales, from which the amount of shrinkage in either direction 
may be determined. This, however, is rarely done and will probably 
prove of little use if all dimensions are shown, which is very desirable. 

Photographs should be taken liefore, during and upon the completion 
of aU*work. It is highly desirable that these photographs should be 
taken at comparatively regular intervals in order to give thereby a clear 
conception of the rate of progress of the const niction work. If it is 
I>o8sible to select a few points where periodical photographs may be 
taken with the camera jM)inted in exactly the same direction each time, 
the uniformity of the view will he of great help in comprehending the 
progress wliich has l>een made in the interval between consecutive photo- 
graphs. Sometimes it may prove desirable to erect a semi-jiermanent 
scaffold or stage at two or three well-chosen points, so as to elevate the 
camera and thus prevent to some extent the foreshortening which may 
take place when the camera is used from the surface of the ground. 

Photographs are useful in many ways. They serve to convey to the 
owner, chief engineer and others who are interested in the work but 
arc unable to watch its progress, a clear conception of the progress of the 
work. They ser\^e as a record which often carries more weight in legal 
proceedings tlian does a written report. The fact that systematic and 
well-chosen photographs are preserved may deter parties from pursuing 
doubtful claims through the courts. Photograplis showing the details 
of construction are a valuable record of methods of construction, 

hach photograph shouhl be assigned a number conforming to some 
definite system of numbering and each plate and film should be per- 
manently marked with its assigned number, its date and a brief descrip- 
tion to identify it. It is desirable that this notation should bo on the 
gelatin side of the films and plates and the lettering should be executed 
backward or in reverse type (photoscript) so that in printing, it may 
be easily read. 


COST KEEPING 

Well kept records of the cost furnish the engineer and sewer builder 
with information which may be useful in forming estimates for future 
work of similar nature conducted under similar conditions. Such 
records, provided they are promptly and accurately worked up, enable 
the engineer to ascertain during the progress of the work the degree of 
efficiency developed by the organisation. With this information it is 
frequently possible for the engineer to call the attention of the con- 
tractor to conditions which are the cause of inefficient results, thus 
cimbling the contractor to place the work upon a more profitable basis. 
W here the work is being done by direct labor an effective system of oost 
accounting may result in a large saving in expense. 
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Kecessaiy Data.— Information 
should be recorded under main 
divisions of engineering and su- 
pervision, labor, materials, ma- 
chinery and tools, and overhead 
charges of contractor or direct 
labor organization. 

All labor employed should be 
classified according to the rates 
of pay and the work performed 
by the several classes of labor, 
such classifications being made 
under each item of work for 
which separate payments are 
provided in the contract. If the 
work is divided into sections, 
then similar records should be 
kept separately for each section 
of the work. 

Similarly for each item of the 
contract in each section of the 
work a record should be kept of 
the kind and grade of material, 
rated according to the price paid 
for each. 

Similar classifications and dis- 
tributions should be kept under 
this heading for each type of 
machine and for machines of va- 
rious rental rates. 

There are many items the cost 
of which cannot be directly 
charged to any one part of the 
work. Such charges may be 
anticipated, in part, at the out- 
set, and the cost distributed pro 
rata to the several subdivisions 
of the entire work from month to 
month as the work progresses, in 
order that each item may bear 
its proportional part of the en- 
tire expense and thus be on a 
comparable basis at all times. 
At the close (A the work, and 




Form B. — Used for II£cx>rdino Materials and Supplies 

Solon. Mam, Sgwarage Sy»t«m. Section 0>. Smuh. Jonra ft Brown. Contr»rtora. 1011. L«yin« 12-in. 
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in large undertakings at intermediate times, such figures should be 
competed with accuracy and the preliminary figures revised accordingly. 

The overhead charges and the incidental expense to be thus distributed 
will include the following items : Field office rentals ; salaries of superin- 
tendents, timekeepers, bookkeepers and clerks; cost of office labor 
and supplies; maintenance and depreciation of vehicles; rental; value 
of horses and carriages; cost of transportation of labor; telephone 
charges, insurance, liability insurance, and miscellaneous expenses. 
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P'lG. II. — Daily force account blank (face). 


To obtain such records, systematic methods must be adopted, and 
these methods will vtiry according to the character of the work involved. 
The engineer in charge of such records should have a clear understanding 
of construction methods and also a grasp of commercial methods, and he 
should have an analytic mind and be able to interpret the statistics and 
records thus obtained. He should have such assistance as will enable 
him to collect the information as well as to record and summarize the 
same. 

It is frequently jiossible to have the field inspector record the labor, 
xnaterials, and machinery employed in the work, under the direction of 
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the coe^keeping engineer, to whom the notes sliould bo sent daily, al- 
though it may prove more desirable to have an entirely independent or- 
ganization for the purpose. Above all, the material should be promptly 
worked up so that the cost data may be oomparod with the monthly 
estimates. 

Feinted Forms.— It is desirable to have forms printed so as to reduce 
the labor of entering and classifying the nmny items in the field, and to 
insure the proper subdivision of the items, e8|)ecially if such infornuition 



is to be collected by the field inspectors. In the latter case, cards shouki 
be provided so that the information may be sent to headquarters by 
mail or coUected by a clerk of the department daily. 

The blank shown in Figs. 11 and 12 has been found very convenient 
for records made by the field inspectors. These forms measure about 
8X7 in., may be folded and carried inside of the regular field note-books 
and may be held in place by a rubber band or a string. The total foree 
is recorded in the first set of double columns, whereas the subdivudons ol 
the forces are made in the cefiumns following, appix^riate headisgi being 
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filled in for eacfai. On the right-hand portion of the reveraende infovlnoii 
is made for the record of the dally progress, while on the left por» 
tion is space for sketches or profiles and records of supplies reoeived, etc. 


Form D.—General and Overrbad Charobs 
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These force account records should be submitted to the ooet-keepmg 
engineer daily, and the information contained therein should be at once 
entered on blanks prepared for the purpose. On Form A the dally 
amounts of labor are recorded on separate sheets for each oUuMtfieathm 
into which the accounts are subdivided. Where only a few ciassei oi 
labor are employed, thus requiring but a lew lines for eadi monih's 
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record, records of several months may be placed on one sheet, thus 
economizing space. The quantities of materials and supplies are 
recorded on Form B. Where numeroas installments of a given article 
are anticipated during the progress of the work, it is desirable to reserve 
a sheet for each classification, although several such groups may be 
placed on one sheet where only a few items of each are anticipated- 
As the material supplied in one month may serve its purpose during 
the following months, it is desirable to distribute this cost over the entire 
period during which it will be used, and if it has value at the completion 
of the work this value should be noted, as shown in the last column. 
For instance, the 2 X H-in. plank used for trench sheeting, purchased in 
March, may not be all used until the following month, and then in all 
probability it will be withdrawn and used again and again. Its cost 
has, for the purpose of illustration, been divided as follows: March, 
30 per cent.; April, 25 per cent,; May, 20 per cent.; June, 15 per cent,; 
July, 10 per c.cnt,; after which the lumber is assumed to have no value; 
whereas the cx)st of the lumber purchased July 15 is distributed through 
the months of July, August, September and October, and 15 per cent, is 
shown as salvage at the completion of the work. 


Form E2.— Summary op Labor Costs in Pipe Laying 

New 8«lem, Mane., Sewerage Syetem, Boction (l), Smith, Jonea A Brown, Contrectom, 
nui. Laying 12>in. Pipe 
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In a similar way the expenditures for tools, equipment and repairs 
are recorded on Form C. The general and overhead charges will l)e 
ascertained by the cost-keeping engineer and will be recorded on Form 
D and similarly distributed. 

The results obtained and recorded on the forms just described are 
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summarized on Form E. In addition to the summarized detail costa 
recorded herein, the unit costs should be worked out and recorded, with 
a separate blank for the several divisions of the work, such as earth ex- 
cavation, pipe laying, refilling, re-paving, etc. We are thus able to com- 
pare the unit costs, month by month, for each of these divisions, each 
subdivided into labor, materials and supplies, tools, equipment and 
repaim, overhead charges, and total unit costs. 

If it is desirable to have this detailed information weekly instead oi 
monthly, as shown on these blanks, four or five additional lines may 
be allotted to each month instead of one line as shown, and the 
weekly figures may be inserted in small figures in pencil or in an ink of 
a different color from the monthly record, without great additional 
labor or confusion. 


PROGRESS 


At the close of each day the inspector should record the stations to 
which the several parts of his work have advanced during the day, such as 



- I9J3- 

Fig. 13. — Progress Diagram. 


trench bottom, pipe laid, excavation (in zones), pavement removed 
backfilling partially complete, backfilling complete, etc. 

Unless the daily meastirements are sufficiently accurate and if the 
weekly cost accounts are to be worked up accurately, additional 
measurements should be taken to show the progress made during the 
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week. These records should be entered on the appropriate daily 
report blanks. 

The monthly measurements taken primarily as a basis for the monthly 
estimates of payments due the contractor should be recorded in such a 
way as to show the progress made during the month and in such detail as 
will permit the determination of all the unit costs desired by the oost- 
keeping engineer. 

Actual and Required Progress. — It is desirable to formulate at the 
beginning of the work a schematic outline of the progress required for its 
completion at the time specified. Such an outline may be shown in 
tabular form or by a diagram. Progress data procured at the intervals 
selected may be tabulated or plotted upon the diagram, using the 
calendar weeks or months as abscissas and the accumulated sum of the 
man-days of labor, cubic yards of excavation, feet of sewer pipe laid, or 
other pertinent unit, as ordinates. By comparing the actual progress 
made with that anticipated at the outset, it is possible to ascertain at any 
time how close to the original forecast the work is being executed. 
Such schedules may Ihj helpful to the contractor as well as to the engineer, 
enabling him to gage his force and to provide plant so as to attain the 
required rate of progress. In addition to the chart showing the total or 
general progress of the undertaking separate charts may be required for 
different sections of the work and for different portions of the work upon 
each section, as for example, for excavation, for pipe laying, for placing 
concrete and for backfilling. A chart for recording progress is illustrated 
by Fig. 13. 

COST OF ENGINEERING AND SUPERVISION 

The cost of engineering and supervision depends upon the size of the 
project, the extent of preliminarj' investigations, surveying and mapping 
required, the thoroughness with which studies, designs and contract 
drawings are executed, the amount of care and watchfulness put onto the 
construction, the difficulties encountered in building the works, and 
many other conditions, all of which make it impossible to state any 
proportionate amount of the cost of the complete project which must be 
devoted to engineering. In a general way the cost will range from 7 1 /2 
to 15 j^r cent., although there are many cases in which it will exceed the 
upper limit and in some cities where there are regularly organized depart- 
ments doing a nearly uniform amount of relatively simple work from 
year to year it may fall to 5 per cent, of the total cost of the projects. 

These costs often include, or are closely related in the accounting 
eystem to, the expenditures for rights-of-way, damage suits and sundry 
other items. Upon contract work aggregating nearly four million dollars 
at Ixmisvdle the expenditures were as indicated in Table 4. The 
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Where engineers are to enter into contract to provide engineering and 
upen^on they should exercise great care to set forth fully and cleariv 
^ what work IS covered by the agreement. Some engineen stipulato 
hat such a contract shall not cover services in court arising out of 
t^tion, and in any event this item should be specificaUy mentioned 

the WOTk IS to be done upon a percentage or lump sum basis. Th« 
robabiUty of delay in completing the work covered by construction 
mtract should also be taken into consideration and it is entirdy 
sawMble for the engineer to be allowed additional compensation te 
mh day of delay in such completion or for the cost to him residtilut 
om such delay as may occur. 


CHAPTER III 


EXCAVATION 

The excavation is usually the part of sewer construction most im- 
portant to the contractor, as ui>on it the most money is generally made 
or lost. The cost of work done under this item and for which there 
is usually but one jjayment covers a multitude of things, among which 
may be mentioned the excavation proper, handling water, sheeting and 
bracing, backfilling, re-jiaving, hauling waste material to the dump, 
rental of machinery, coal, oil, waste, minor repairs, and the larger portion 
of the overhead charges, su(‘h as office rent, capital charges, and com- 
pensation for time spent by the contractor and his superintendent. To 
excavation must also be charged a part of the cost of employees not 
actually engaged in excavating, such as engineers, firemen, tagmen, 
watchmen, timekeepers, bookkeepers, and a number of others. 

To handle excavation to advantage reiiuires good management and 
excellent judgment on the part of the contractor, engineer or foreman. 
Such judgment is the fruit of long experience in which he has had to do 
with mati'rials of many kinds and under many conditions. He must be 
able to judge from his past experience how to handle the work, whether 
the excavation should be done by hand, or if by machinerj^, what tyi)e 
of machines and how many he will put on the work. It is not uncommon 
to find work much over-planted, which always results in excessive cost, 
and often in actual loss upon the whole contract. 

The materials entering into the sewer usually cost about the same as 
the labor required for its construction, but there is generally little profit 
to the contractor in the materials furnished. The chief profit comes 
through the economical handling of the work so that the labor cost may 
be reduced to a minimum. The element of time is also an important 
item which is often overlooked. It has an important bearing upon 
excavation. The longer the work lasts the greater are likely to be the 
overhead charges, and also the charges for machinery and the cost of 
engineers, firemen, tagmen, etc., and even larger items chargeable against 
unnecessary delay, such as the extra expense involved in carrying on the 
work under unfavorable weather conditions. Rapid work during the 
summer time, when costs can be kept low, may avoid a largp unnecessary 
cost which will result if the work is prolonged into the winter. A high 
charge against the contractor on account of liquidated damages for 
delay often inures to his benefit much more than to the benefit of 
the party with whom he contracts to do the work. 
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MATERIAL TO BB EXCAVATED 

A great variety of materials are encountered in sewer excavation, such 
as sand, gravel, loam, clay, hardpan, quicksand, disintegrated rock, 
boulders and ledge. These materials merge into each other so that 
frequently there is no sharp line of demarcation between them. Some of 
them also vary greatly from season to season. The surface materials in 
the northern and colder climate are relatively soft and easy to excavate 
during the warm season of the year, but in the winter become frossen 
and in some cast's are nearly as expensive to excavate as solid rock. 
Many trenches have been excavated with comparative ease in dry 
weather, which would have been excavated with the greatest difficulty 
had the ground water bt'en high and had frequent rains occurred during 
the progress of the work. These facts have often misled c^ontraotors 
who have based their estimates upon their observation of the way in 
which similar work was being done, or their judgment as to how it should 
be done, under favorable weather conditions. When overtaken by un- 
favorable conditions, such as rain and frost, easy and inexpensive work 
has become difficult and costly. While many different kinds of materials 
have to be excavated, there are two general classifications in common 
use in the drawing of contracts for scw'crs, namely, earth excavation and 
rock exc^ivation. 

Classification. — Under earth excavation is included all excavation of 
earthy substances, except ledge rock or large boulders. 

The line of demarcation between earth and rock excavation is one 
which has caused much dispute and litigation. There is often no sharp 
dividing line between them, and the opinions and judgments of different 
engineers and contractors are often at variance upon this distinction. 
In the East there is generally not so much question as to the definition 
of rock as in the Middle and Western portions of the country, for in the 
East the rock is generally hard and not seriously disintegrated, in which 
condition it is easily distinguished from earth. Even in the East, 
however, there are cases where the rock overlying hard ledge rook which 
requires, without question, drilling and blasting for its excavation, is 
disintegrated to such an extent that it can be removed by the use of pick 
and shovel and without drilling and blasting. Such material is gener- 
ally clas8ifit*d as earth. 

Definitions of Rock Excavation. — In view of the difficulties and (Us- 
putes which have arisen over the definition of rock the following quota- 
tions from contracts drawn by enfpneers of experience are pven: 

“ Where rock is encountered of such hardness that it can be most econom- 
ically removed by blasting, the contractor shall remove the same from 
the trench, and shall receive pay therefor ... at the price per cubic yard 
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for the rock excavation mentioned in the contractor's proposal.” (Alvord 
and Burdick, consulting engineers, Chicago.) 

*'OnIy such ledge or rock in trench as cannot be readily removed with 
a pick and shovel and requires blasting for its removal, and which has been 
measured by the engineer before blasting, and all boulders of 1/2 cu. yd. 
or more in volume which are removed from the trench, will be estimated as 
rock excavation. The bottom of the trench shall be excavated to a 
depth of 6 in. below the outside of the pipe, and shall be refilled in a proper 
manner with suitable material.” (Hering & Puller, consulting engineers, 
New York.) 

“Only ledge rock as, in the opinion of the engineer, requires blasting for 
its removal, and boulders of 1/2 cu.yd. or more in volume, shall be measured 
and paid for as rock excavation.” (Hering & Gregory, consulting engi- 
neers, New York.) 

“Rock excavation shall include hard rock of such nature that, in the 
opinion of the engineer, it cannot be removed by picking or barring, found 
in ledge or detached boulders containing more than 1/2 cu. yd. each. All 
other materials found in excavation, however hard, stiff and compact, in- 
cluding soft and disintegrated rock which can be removed without the aid 
of explosives, shall be classed and paid for as earth.” (Frank A. Barbour, 
consulting engineer, Boston.) 

“Only such ledge or rock in trench as cannot be readily removed with a 
pick and shovel and requires blasting for its removal, and which has been 
measured by the engineer before blasting, and all boulders of 1/2 cu. yd. 
or more in volume which are removed from the trench, will be estimated 
as rock excavation.” (George W. Fuller, consulting engineer, New York.) 

Allen Hazen writes to the authors: “My feeling would be that I 
should write it (rock specification) for any particular conditions for 
which I was designing the work, based upon local conditions.” 

W. A. Cattell, consulting engineer, San Francisco, stated to the 
authors: 

“I have never yet found it necessary to use any classification for excava- 
tion for any kind of engineering work. It has been my observation that 
the definitions and classifications generally in use in engineering specifications 
of this nature have been such fruitful sources of dispute and litigation, that 
it is best to eliminate them altogether whenever it is possible to do so. 
There are, of course, some conditions under which it might be necessary or 
advisable to specify certain classifications to be used in measuring and pay- 
ing for excavated material, but in a great majority of oases they can and 
should be omitted entirely. This may seem somewhat aibitrary to those 
who have alwaj's followed the old method of classification, but I have found 
it to ijrork out very well in actual practice.” 

M. M. O’Shaughnessy, city engineer of San Francisco, states that 
it is not the practice of his office to distinguish between rook and earth 
excavation in letting contracts for sewer or other work involvmg 
excavation. 
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C()V(‘r the cost of f'xeavatinR the rock, so that he might not lose, even 
though the quantity should ho in excess of that expected; and on the 
other hand, the party awarding the contract should not pay an unneces- 
sary amount, Ix'cause of the fear of the contractor that rock might be 
encountered when in fact it was not. 

Following are two quotations from the specifications for rock. work 
which the authors have used with satisfactory results upon a number of 
contracts. The second is now used exclusively: 

“All excavationK shall he classed and measured either as earth or rock, 
the latter to include' all hoiilders 1/2 cu. yd or more in volume. All other 
materials found in excavation, however hard, stiff or compact, including, 
soft or disintegrated rock vhich can be loosened with a pick, shall be classed 
and paid for as earth.” 

“Rock, wfierever used as the name of an excavated material, shall mean 
lamhlers exceeding 1 2 cu. yd in volume or solid lodge rock which, 
in the opinion of the engineer, requires for its removal drilling and blasting 
or wedging, or sledging or harring No soft or disintegrated rock which can 
he removed with a juck ; no Ioo.se, shaken or previously blasted rock or broken 
stoni* in rock fillings or I'lsewhere, nor rocks exterior to the maximum limits 
of measurement allowed, which may hav'o been previously loosened in 
excavating for water pipes or other purposes and which, by reason of such 
loosening, may fall into the trench, will be measured or allowed. “ 

HAND EXCAVATION 

The sewer builder will find it advantageous to determine, if possible, 
prior to making ('.stmiales or bids the nature of the materials to be 
excavated; this can be done by moans of test ])its or borings, thus 
i/mitmg so far as praciivnhh the uncertainty of his knowledge of the 
nature of the work to he performed. Where the construction must be 
carried on in a locality in which the contractor has previously done 
similar work, he will have a knowledge of local conditions which will aid 
him in making his proposals and in preparing for the work. If local 
conditions indicate that shtniting will be necessary, the lumber and other 
materials and tools required should be provided and brought on to the 
ground for immediate use when the need develops, in order to prevent 
the caving of the banks, with consequent injury to adjacent pavements 
and the possible settlement of buildings or other structures. If water is 
likely to be encountered suitable pumping machinery should be pro- 
vided at the outset, that the work may not be delayed while waiting to 
procure and e^ct such machineiy. 

In laying out a sewer trench to be excavated, it is desirable to line 
out the trench to the proper width by the methods described in Chapter 
II, and allot a given length of trench to each laborer or pair of laborers 
upon small work, or to a squad of laborers upon larger work, so as to 
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furnish each man or group of men with approximately the same 
amount of work, as for example, one-half day’s work, or in very deep 
trenches, a full day’s work. In this way, the burden may be distributed 
equ^y amopg all of the men and the foreman may have an opportunity 
to distinguish between the efficient and inefficient workmen, while the 
men ^hemselves are made to feel the spur of competition and comparison 
with others. 

. Loosening Surface. — Where the surface of the ground is hard and 
compact, either in its natural state or as paved with gravel or macadam, 
it must first be loosened, either by hand with pick and shovel or by 
^ means of a substantial plow drawn by horses or a traction engine. In 
narrow trenches such plowing is liable to weaken the top crust outside of 
the trench line and thus to increase the liability of caving banks, in 
. which case the use of the pick and shovel may be preferred. Durable 
pavements, such as brick, as])halt, and wooden or granite block, must 
first be removed by bar and pick, and the concrete foundation taken out 
in like manner. 

Opening Trench in Frozen Ground.— In the northern part of the 
country the frost penetrates from 1 to 3 ft. in depth in fields and wooded 
territory and from 3 ft. to 6 ft. in streets. It is found to enter the ground 
to the greatest depth in the center of the street, where the earth is 
compacted by traffic and is therefore a better conductor. In streets the 
frozen crust usually thaws both from the top and the bottom, so that 
just before the fro.st leaves the ground it is found in a thin layer about 6 
in. thick perhaps 2 ft down from the top. 

Opening a trench in frozen ground, by picking, is an exceedingly ex- 
pensive and slow operation. In rare cases the frozen earth may be 
drilled and blasted but this methixi is seldom feasible in city streets 
because of the danger to persons and buildings. A common method of 
opening such trenches is by building tires on the surface of the street, 
usually at night, and thus thawing the ground so that it may be easily 
shovelled the following morning. Another convenient method of 
thawing the frost, if a steam boiler is available, is by steaming. This is 
done by building a number of wooden boxes open on the bottom. These 
boxes are of convenient length, usually 12 to 15 ft., about 10 in. high and 
approximately of the width of the trench. The boxes are laid with the 
open side down and holes are bored in the other side every 12 in. 
along the box and about every 2 ft. crosswise of the box. Each hole is 
provided with a wooden plug to prevent the escape of steam. When the 
boxes have been placed in position, they are banked up with soft earth to 
prevent the escape of steam and warm mr from beneath them. One 
man is usually left out at night to tend the fire under the boiler and to 
steam out the frozen ground. This he does with a 3/4-in. gas pipe about 
6 ft. long, provided with an iron cross-bar for a handle. To the end of 



60 


AMERICAN SEWERAGE PRACTICE 


this pipe is attached a steam hose, the other end being open. The 
operator places this pipe in a vertical position on the ground, passing it 
through one of the holes in the box. As the steam thaws the ground, 
he gradually works the iron pipe down until he has penetrated the whole 
layer of frozen ground. He then withdraws the pipe, plugs the hole and 
follows the same course in the next hole and soon until he has thaw^ the 
entire length of trench required for the next day's work. One man will 
usually be able to thaw out a sufficient area of street for a trench 4 to 6 
ft. wide, 48 ft. long, in one night, where the frost is 4 ft. deep. 

Pavements to be Preserved. — All paving material should be pre- 
served and piled at one side of the street for use in replacing the pave- 
ment. Paving blocks, bricks, etc., should be placed in neat piles outside 
of the probable limits of the material to be excavated. The crushed 
stone from macadam pavements is frequently piled in a windrow on the 
opposite side of the trench from that used for storage of the balance of the 
excavation. Where trenches arc deep or are likely to remain open for 
some considerable length of time, it is usually found that before this 
material is required for replacement in the trench much of it has been 
scattered and lost. If it is of good quality, it may be worth while to 
haul it away and store it in a vacant lot, or in a windrow on one side of 
each of several cross streets, care being taken not to obstruct driveways 
and to warn the public at night by the liberal use of red lanterns. 

Excavated Material. — It is desirable to throw all material, except rock, 
excavated from the trench on one side of the trench. The material from 
the first 6 ft. in depth of the trench should be cast as far back from the 
opening as is ]) 088 iblo at one throw, thus leaving space between this 
material and the trench for the material excavated from lower depths. 
Unless the excavated material is plastic or sticky, it is usually possible 
for the laborers to throw out material from trenches up to a depth of 
about 8 ft. Below this depth, it is advisable to arrange platforms 
(see Chapter IX) about 6 ft. below the surface of the ground, these plat- 
forms resting on the cross braces if the trench is sheeted, or on temporary 
braces where the trench is not sheeted. This platform should be 
sufficiently long to permit material to be thrown upon it by two excava- 
tors, one at either end, while one staging man should be able to keep the 
platform clear, casting the material well back from the edge of the 
trench. Such stages may extend entirely across the trench, but where 
trenches are wide enough to permit, it will be found convenient to build 
narrow stages onto which the men in the bottom can throw the excavated 
material fropi any points at which they may be working. 

For trenches deeper than 14 ft. a second set of platforms or stages 
should be used, built about 12 ft. below the surface, and so arranged that 
two men shaU throw from the bottom of the excavation onto the stage, 
and that the material shall be overcast by one man at each platform. 
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In constructing the platforms, a piece of plank may be placed on edge 
across each end, or along the side, to prevent the excavated material from 
falling upon the laborers below. ‘‘Square pointed shovels should be 
used on the platforms, whereas the “round pointed" type are generally 
best for the work in the bottom. It is usually necessary to provide one 
man on the bank for every two in the trench to overcast the material 
thrown out after a depth of 6 ft. has been reached. The distance 
between platforms should be regulated according to the depth of the 
trench, rarely allowing it to exceed 6 ft. In some cases more rapid work 
will result from a somewhat closer spacing. 

Material should be kept back from the edge of the trench a distance of 
2 ft. where practicable, to allow room for the passing of foremen, in- 
spectors, laborers, etc.; to prevent material from falling from the bank 
upon the laborers in the trench; to furnish space for the landing of the 
outcast material; and, where necessary, to furnish space for the handling 
of pipe, brick, mortar, concrete, lumber, and other materials to be 
placed in the trench, although it may be found more convenient to 
handle such supplies on the side not used for storing the excavated 
material. The side of the street opposite that on which the excavated 
material is placed should, however, be kept comparatively free from 
obstructions, so that, except in narrow streets, traffic may not be inter- 
rupted, The pipe, lumber, cement, sand, etc., which are required for 
use in the trench should be kept in neat piles either close to the trench 
line or at or near the curb line, so as to keep the street free from ob- 
struction and to facilitate economic handling. 

TUNNELING 

Tunneling is a method of excavation often employed in the building 
of sewers, although relatively few large tunnels have been driven for this 
purpose. The methods used are those employed in all classes of tunnel- 
ing and are described in a number of books on this subject, among which 
are “Tunneling" by Charles Prelini, “Modern Tunnel Practice" by 
the late David McNeely Stauffer, and “Modem Tunneling" by David 
W. Brunton and John A. Davis. 

The relative cost of trenching and tunneling generally determinee 
which method is to be adopted, although the latter may be undertaken 
to avoid interference with street traffic or tearing up a good pave- 
ment. Where the sewer is to be laid at a considerable depth, the 
danger of progressive settlement of the earth over the structure may be 
largely, if not wholly, prevented by building the sewer in tunnel. 

Very small, shallow sewers are frequently laid alternately in shenrt 
trenches and tunnels, the latter being very small bore, often not mm 
than 3 ft. in diameter. This method is rarely employed except in olay, 
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hardpan or nimilar material, which is sufficiently cohesive to stand with- 
out timberiuK. The sections of trench, usually from 4 to 8 ft. in length, 
are sufficiently supported by the earth covering the tunnel sections which 
are usually of the same length as the trench sections. Where pipe 
must be laid during winter when the ground is frozen to a depth of 2 ft. 
or more, this process may prove economical by reducing the quantity 
of frozen ground to be thawed, picked or wedged out. 

Depth at Which Tunneling May Prove Economical. — The depth at 
which tunneling may prove less expensive than trenching depends upon 
many local conditions and no specific rule of general application can be 
formulated for determining it. In soft ground, excavation conditions 
which tend to make tnaiching expensive also increase the cost of tunnel- 
ing. In rock excavation on the other hand, this fact docs not usually 
hold true and the cost of tunneling will be more uniform and the point 
at which it is exceeded by th(‘ cost of trenching will depend almost wholly 
upon tlie (piantity of material to be handled. 

As an illustration of the method of comparing the relative cost of 
trenching and tunneling, let it be assumed that sewers 3 ft. in diameter 
are to be built 25, 30 and 35 ft. deep, respectively. The minimum 
({uanlity of excavation, if built in tunnel, will be 1 cu. yd. per linear foot. 
The sewers, if built in trench, will involve the excavation of at least the 
(luantitics of earth, or rock, shown by Table 5. 


Tahlk 5. — (Quantity and Cost of Excavation Required for Building 
3- FT. Sewer in Trench 


of trench 1 

25 Ft 

30 Ft 

35 Ft 

If two sct.s .sheeting are used, cu. vd. per lin.| 




ft. . . .. .1 

5.9 



If threti sets sheeting are used, cu. yd. per' 
lin. ft ... 

7.7 

8 75 

9.75 

Cost per lin, ft. if two sets sheeting are re- 
quired, at $1 per cu. yd 

Cost per lin. ft. if three sets sheeting are used 
at $1 , 1 .25, and 11 .50 per eu. yd., respectively 

$5 90 

$7 70 

SIO 94 ; 

1 

1 $14 63 


Arbitrarily assuming further that the trenching, including timbering 
and backfilling, can be done for $1, $1.25, and $1.50 per cubic yard for 
the respective depths, it follows that the cost per linear foot will vary 
from $5.90 to $14.63, depending upon the number of sets of sheeting 
used and the depth of excavation. In other words, if tunneling is to be 
adopted, it must be estimated at less than $5.90 to $14.63 per cubic 
yard for th^^sevcral conditions given. 

In general, it is wise to consider the relative cost of trenching and 
tunneling when the depth of the sewer is to be over 25 ft. 

In rare cases tunneling may afford a means of successfully doing work 
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which could be conducted by trenching only at great expense and danger 
to life or neighboring structures, as where the sewer must be laid through 
very treacherous water-bearing, running sand or subaqueous ground. 
In such material, pneumatic tunneling affords a relatively safe and 
economical means of handling the work. 

Tunneling in Different Kinds of Material.— Probably the simplest 
and easiest tunneling is in hardpan, dry clay or other earth, cohesive 
enough to retain its position, without caving, sufficiently long to 
allow lajing the pipe or placing the masonry. In such cAses timbering 
is not required and the heading may be out out to the exact line of the 
masonry. The progress can be rapid and in some cases little, or possibly 
no71)Sckfilling may be required. The cost of excavation will, of course, 
vary with conditions, but will probably not be less than $0.75 and may 
considerably exceed $1.50 per cubic yard, including cost of excavating 
shafts. 

Difficulties are met when loose sand and gravel are encountered and 
recourse must be hsd to timbering and close sheeting, great care being 
taken to prevent material from running” into the heading. The use 
3f timbering increases the cost and the difficulties of maintaining correct 
ilignment. The cost of driving such a tunnel will hardly be less than $3 
a largo tunnels and may reach $15 or $20 per cubic yard in smaller 
)nes, and the quantity excavated will also be greater than when the 
ixcavation is in the more favorable material. 

Unfortunately, most sewers are built below the natural water table, 
thus often greatly increasing the difficulties of tunneling. This ground 
water is handled in the same way as in trenching, but if the earth is of 
such a character that it tends to “run” when wet, the attendant diffi- 
culties will be increased and the rate of progress may be greatly reduced. 
Where the soil is very treacherous, or where the work is being done under 
a stream or body of water, it may be necessary to drive the tunnel 
under air pressure. A case of this class, carried out under the authors^ 
direction in Worcester, was a tunnel about 6 ft. in diameter, lined With 
wooden segmental rings made in eight pieces, which accommodated a 
32 X 42-in. sewer. A view of this work is given in Fig. 95. The air 
pressure required did not exceed 10 Ib. per square inch and the earth 
excavated was fine sand. The cost of excavation was about $19.73 
per cubic yard. 

Since rock drills operated by compressed air became available and 
high explosives fired by electricity have been perfected, tunneling through 
rock has been greatly simplified and in fact is now subject to less uncer- 
tainties and difficulties than most soft ground tunnel work. This, 
however, is not true of tunnels driven partly in rock and partly in loose 
earth, where great trouble is sometimes experienced in keeping the roof 
and sides securely braced at all times so that the earth may not nin* 
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Each blast ia likely to blow out bracing, which is replaced with difficulty 
idten only to be blown out again. The cost of tunneling in rock may 
vary from $3 in large tunnels or those through rock which is vety^ 
easy to excavate, to $15 per cubic yard in small tunnels, including 
shafts. 

Lighting.— The best source of light is electricity, but even jt 
miners’ lamps are desirable for the use of the miners and bracers. Where 
compressed air is used for drilling, it may be possible to get along with 
od lamps and gasoline torches, although this is not to be recommended. 
If electric current is run into a rock tunnel, care must be exercised to 
prevent the premature firing of the dynamite by accidental contact of ^ 
1^ or fuse wires with lighting or power circuits. It is difficulCwpe^*^* 
cially in small tunnels, to prevent the workmen from touching bare wires 
and railsso that high-tension current's are inadvisable. Circuits carrying \ 
220 to 250 volts have been much used and have given satisfaction. 
Machinery wound for this voltage for use in mines and tunnels is readily 
obtained, as it is largely used on this class of work. 

V«itilation.-~There is little difliculty in providing suitable ventilation 
in rock or pneumatic tunnels, as the exhaust from the drills and the 
leal^e from the headings are usually sufficient to provide ample change 
of air. In eart h tunnels, on the other hand, there is seldom so convenient 
a supply of air and it is frequently necessary to install ventilating 
machinery and ducts. Sometimes, where pumping is required, this 
may be done by compressed air and the exhaust pip^ to the headings 
for ventilation. 

Handling and l^^aporting Materials. — Methods of mucking and 
transporting mterials must be worked out for each tunnel. In earth 
tunnels the mining and mucking proceed simultaneously and are usually 
expended while the masonry is being placed. In rock tunnels it is 
often convenient to do the drilling and blasting during one shift and the 
mucking during the next. 

If the tunnel is very long some means of transporting materials must 
W provided. Usually a track is laid and the loaded care are pushed 
by workmen, drawn by mules or hauled by compressed sir or electric 
motor c^. Fig. 14 gives two views of an electric car used by the 
authors in several small tunnels. An electric current of 220 volts was 
provided, being carried in by a small third rail, the return being through 
the rails of the track. The lighting current was taken from the rails 
wherever required. 

T^e ii^tor car hauled one or more flat care on which were buckets 
l^ed with the excavated materials. When the shaft was reached the 
buckets were hoisted by suitable machinery. The materials for the 
eoiiitTuetion of the sewer were handled in the same way. ^ 

^In very short tunnels worir may be carried on from tl^^ 




Fia. 14. — Electric locomotive used in sewer tunnels at Worcester. 
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IKHtA <m|y, to wlwre the tuimels long, 
ally teqi^ree einkiiig M shafts so that work can be carried on a 
number of p<^. They are generally sunk on the line of the to^ 
and are d suitable sire to allow for the passage of men and materisis 
and fw such pipes, wires, ventilating flues, chutes and other aooessmies 
required. As the line of the sewer is usually taken down the 
shafts by the surveyors, it is desirable to make them fairly long even on 
smaXi work, a length of at least 8 ft. being desirable. In Louisville, 
where bbrings were made prior to letting the contracts, wrought-iron 
pipe casings wore driven into the bore holes at proper points and capped, 
Wing l eft for use in transferring the line into the tunnel when required. 

Shafts are excavated and sheeted in the same manner as trenches, 
except that it is advisable to make the bracing somewhat more substan- 
tial that it may withstand, without defonnation, heavy pressures likely 
to be developed during the long time the shafts are to remain open. 

Methods of Tunneling in Soft Ground. — Small tunnels are driven by 
excavating the whole section at one time, properly timbering it and pro- 
ceeding with the excavation of another portion, or immediately lining 
it, in which case the excavation and lining proceed alternately, the one 
being suspended while the other is going on. In such cases it is advan- 
tageous to carry on work at several headings that the miners and masons 
may be economically employed at all times. This may also be accom- 
plished by alternating shifts, the excavation being done on one shift and 
the masonry placed during the next. 

Upon large tunnels, headings or drifts are often driven some distance 
ahead of the excavation of the whole section, the remainder of the work 
[consisting simply of breaking in, or down, the earth or rock surrounding 
the headings. The term ^‘heading’' is frequently used upon small work 
18 meaning the end of the tunnel in which excavation is being carried 
m at the time, but upon large tunnels, it more often refers to a small 
'unnel driven ahead of the main tunnel. Prelini, in “Tunneling,'* 
if ter discussing the confusion which has arisen over the use of the terms 
‘heading” and “drift,” suggests: 

“For the sake of distinctness of terminology, it seems preferable to call 
he passage a heading when it is located at the top of the profile, and a drift 
vhen it is located near the bottom.” 

The problem of timbering the tunnel is generally the governing coh- 
ideration in the selection of a method of tunneling, although drainage 
ind prospect'mg to determine the character of materials to be tmversed 
)y the main tunnel may be important factors. Prelini describes four 
general methods of driving large tunnels as follows: 

“ ( 1 ) Excavating the tunnel by beginning at the soffit of the section, 
it by the Belgian method, is the method of tunneling in loose soils most 
5 
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commonly employed in Europe at the present time. It consists in excavat- 
ing the soffit of the section first; then building the arch, which is supported 
upon the unexcavated ground; and finally in excavating the lower portion 
of the section, and building the side walls and invert. 

“ (2) In excavating tunnels along the perimeter an annular excavation is 
made, following closely the outline of the sectional profile in which the lining 
masonry is built, after which the center core is excavated. In the (jefflfftn** 
method two drifts are opened at each side of the tunnel near the bottom. 
Other drifts are excavated, one above the other, on each side to extend or 
heighten the first two until all the perimeter is open except across the bottom. 
The masonry lining is then built from the bottom upward on each side to 
the crown of the arch, and then the center core is removed and the i nvert is^ 

“ (d) This method, us its name implies (tunnels excavated in the whole' 
section — English and Austrian methods), consists in taking out short lengths 
of the whole sectional profile before beginning the building of the masonry. 
In the English method the lengths of section excavated vary from 10 ft. 
to 25 ft. The mason r>' invert is built first, then the side walls, and finally 
the arch. Th(‘ excavators and the masons work alternately, the excavation 
being stopped while the masonry is being built, and vicf verm. The Aus- 
trian method difTers in two particulars from the English; the length of 
section oj)encd is made great enough to allow the excavators to continue work 
ahead of the masons, and the side walls and roof are built before the invert. 

“(4) The Italian method is very seldom employed on account of its ex- 
ptmsiveness, but it can often be used where the other methods fail. It 
consists in excavating the lower half of the section, and building the invert 
and side walls, and then filling the space between the walls in again except 
for a narrow pa.ssageway for the cars; next the upper part of the section is 
excavated, as in the Belgian method, and the arch is built; and finally the 
soil in the lower part is permanently removed.” 

Methods of Tunneling in Rock. — In full rock headings, there is usually 
no noeessity for timbeiing, although some rocks are so soft and seamy 
that shoring is rc(iuired. The invention and development of rock drills, 
high explosives and methods of electric firing have greatly simplified rock 
tunneling during the last half century, so that now the ordinary rock 
tunnel presents a far less difficult problem than many of the tunnels 
which have to be driven through soft ground. 

As in soft ground tunnels, in some cases headings, or drifts, are driven 
ahead of the full section of the tunnel for the purpose of determining the 
character of the rock through which the tunnel must pass. In most 
large rock tunnels, such passages are driven at least a short distance 
ahead of the full section of the tunnel to aid in breaking down the sur- 
rounding rock. These drifts are usually in the neighborhood of 6 or 
8 ft. in diameter. In small tunnels, it is customary to drill, near the 
center of the tunnel, three or four holes directed along converging lines 
toward the ai)ex of a p}Taraid. These holes are fired together, consti- 
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tuting the cut-shot. After these holes have been fired, the breakingdn 
holes which surround them are fired, upon small work usually all at one 
time and upon larger work in relays. The development of the “delay ” 
fuzes has greatly facilitated this class of work as it permits the firing of 
the cut-shots first and breaking-in shots successively thereafter, with- 
out the necessity of clearing the tunnel of fumes and rewiring the holes. 

Placing Masonry— The placing of masonry in tunnels, and e8}>ecially 
in small tunnels, involves difficulties not ordinarily encountered upon 
similar work in trenches. Usually, the entire space between the inside 
profile of the structure and the excavation must be filled with masonry. 
Upon small work, the masonry of the upper portion of the sewer must be 
placed'’ from the end, necessitating the use of relatively short centers 
and forms. 

Upon most sewer work, the concrete or mortar is prepared on the sur- 
face of the ground, and taken down the shaft and into the tunnel when 
ready to be placed. 

PUMPING, BAILING AND UNDERDRAJNAGE 

One of the most variable and oftentimes perplexing problems which 
has to be overcome in sewer excavation is the removal of the ground water 
which finds its way into the trench. Its quantity varies from an almost 
negligible amount, which may ooze or percolate into the trench from 
very compact soils, to an almost constant flow from the free and water- 
bearing gravels. The method adopted to care for and remove the 
ground water will vary according to its quantity and with the character 
of the soil in which it is found. 

Where the amount of water encountered is slight it can frequently be 
allowed to gather or flow into little sumps, from which it can be removed 
by bailing. 

The most common method of disposing of water where it accumulates 
in moderate quantities is by means of a diaphragm suction pump operated 
by hand and capable of handling from 30 to 50 gal. per minute, when 
lifting it from a depth of about 10 ft., the maximum lift depending in 
great measure upon the condition of the rubber diaphragm and valve. 
Power diaphragm pumps of a capacity of from 50 to 100 gal. per minute, 
driven by gasoline engines mounted upon trucks, are now available. 

DUphrai^ Pumps.— These are made either as suction pumps or as 
force pumps. In the former case the water is discharged freely ovw a 
lip on the side of the pump body and in the latter it is forced through a 
pipe. These pumps are made in several sizes, ranging in rated capacity 
from 1800 to 6000 gal. per hour, under most favorable conditions. The 
size most commonly us^ is that requiring a 3-in. suction hose and weigh- 
ing about 185 lb. This pump operated by one man at a rate of 80 
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strokes per minute will deliver about 30 gal. per minute. Upon very 
shadow work a single length (12 ft.) of hose is ordinarily used. A 
variety of strainers are on the market and it is well to select that having 
the largest holes which it is safe to use with the water to be pumped, 
since fine holes increase the frictional resistance. The cost of a pump* 
two lengtlis of hose and a strainer will be from |50 to $75. ^ 

The life of the hose, which is fudy as expensive as the pump, may be 
greatly prolonged by using it with care, not aUowing it to become kinked 
rubbed on the bank, or cut. Cotton-covered or jacketed hose may be 
obtained at small extra expense. 

While with a perfect pump and suction hose it may be possible to lift 
water from a depth of 25 or 26 ft., it is generally not practicable lo 'lisT' 



Fio. 15.— Gasoline-driven diaphragm pump (Edson), 


this pump for lifts of over 20 ft. at sea level, and even at such a 

1 11 IS necessary to use several men on the pump. 

In fig. 15 IS shown an Edson diaphragm pump connected to a gaso- 
une engine. The outside dimensions of the wooden base are 3 ft 9 in 
by i ft. It can be easily carried about by four men or it can be mounted 
on a 4-wheel hand truck. It is stated that a lO-hr. continuous run wiU 
r^ire approamately 2 qt. of gasoline, and that the outfit will handle 
gal. an hour. The prices of complete outfits vary from 1100 to 

Cenriifugal Pumps.— These can generally bo used to good advantage 
where large quantities of water are to be handled, and if a pump with 
M openftipeUer is used, it wilt handle very dirty water without much 
injury m most cases. Table 167 and the description of centrifugal 
pmmpg in Volume I make any notes on the subject unnecessary here 
Most Of the pump makers supply outfits made speciaUy for oonstmcUoii 
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purposes. These consist of the pump and a direct-connected electric 
motor, or steam or gasoline engine, mounted on skids or on a wheeled truck. 

Where a large volume of water must be handled for a long time, as in 
tunneling, and where the lift is considerable, a high-grade plant designed 
to fit the ‘conditions will often prove more economical than one of the 
less efficient but also less expensive outfits for general service. If such 
an expensive equipment is used, particularly if turbine pumps are em«r 
ployed, attention should be paid to preventing materials from entering 
the pump which will interfere with its operation, and a sump in which 
a sand-catching chamber is incorporated may prove desirable. 

Where the drainage of a trench can be accomplished through under- 
drains discharging into a sump which can be kept in service for a con- 
siderable time, it is often advisable to install a centrifugal pump at the 
sump, but the low lift and dirty water to be handled by such an outfit 
make high efficiency less desirable than reliability. 

Reciprocating Pumps. — These are not well adapted to the handling of 
water under the conditions usually existing about sewer trenches, because 
of the grit likely to be carried by the water, which cuts the plungers and 
valves. In some cases, however, the water may be relatively clean 
and if a supply of steam or compressed air is available, a reciprocating 
pump may be set up and operated with very little attention and often at 
small expense. Where such pumps are used in connection with driven 
wells to lower the ground water which would otherwise flood a trench 
or pit, it is usually necessary to place on the suction line a sand-catcher, 
such as is employed in water-works plants using a well sqpply. 
Outside-packed plunger pumps of the low-pressure type are suited 
^or this service and are better than the heavier patterns for 260 lb. 
pressure. Piston pumps are unsuited for construction purposes except 
in the very rare cases where clear water is to be handled. 

Steam Vacuum Pumps. — Three types of steam pumps of a special 
class are largely used on construction work where very dirty water must 
be handled and the position of the pumps must l>e changed frequently. 
The first of these to come into general use was the pulsometer, which was 
followed by the Nye and Emerson types. 

The pulsometer has a body with two bottle-shaped pumping chambers, 
Fig. 16 , with their necks communicating at the top, each opening into 
an outlet chamber through a check valve. An air chamber conneets 
with the suction inlet and cushions the incoming pulsations. Near the 
top of each pumping chamber is an air check valve opening inwardly, 
which admits a small quantity of air automatically at each pulsation 
at the moment the vacuum is formed. This layer of air cushions the 
inrushing water and forms an air piston between the steam and water, 
preventing the former from being condensed at the beginning of the 
stroke. 
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Steam from the boiler is pi])ed to the inlet at the top and from there is 
turned to the nght or left chamber according to the position of the ball 
8t<jam vidve, which is free to roll to either side, forming a steam-tight 
joint with whichever seat it rests upon. In the position iUustrated the 
steam would pam to the left-hand chamber, which may be assutaed to be 
full of water. The pressure of the steam forces the water through a 
pa^ge between the air and outlet chambers and a check valve into the 
ou let chamber and thence into the discharge pipe. When the water 
falls to the level of the opening into the outlet chamber, the water and 
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Flo. 16.— Sections of the pulsometer. 

fcZ' ‘''*“"‘<‘‘1 “P ‘<>« 5 «‘her and the latter is condensed. This 

St assisted by a 

thehall*^ I nght-hand chamber, inunediately pulls 

he ball g*lve over to the left-hand seat, shutting off the steam supply, 
he vwuum m the left-hand chamber then draw's up a new charge of 
water through the suction pipe, and while it is fiUing, the right-hand*one 
» emptyi^, bnnging about the condiUons that existed at the beginning 
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Table 6 gives the more important dimensions of the sises now 
(1914) made; the manufacturer, the Pulsometer Steam Pump Co., 
New York, states that the capacities are underrated for moat oaaea, 
particularly with a short suction and high steam pressure. 

The Nye steam vacuum pump, made by the Nye Steam Pump & 



Front View. Pump 

Fia. 17. — ^The Nye pump. 




Machinery Co., of Chicago, is the result of an evolutionary process 
beginning in an 1869 patent. The “new model” shown in Fig. 17 was 
patented in 1909. The steam valve is hollow and it offers very little 
resistance to motion. The two air valves are located so as to admit 
a piston of air between each charge of steam and the water on which 
it acts. In starting the pump both the steam and air valves are closed. 
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Table 6. — Capacities and Dimensions op Pulsombtbrs 
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Then the valve on the steam pipe at the boiler is opened wide, after which 
the steam globe valve at the pump is quickly opened, allowed to remain 
open 3 or 4 ficc., and is then quickly closed, this being repeated after the 
steam has remained off during 4 or 5 sec. This manipulation is repeated 
until a click of the hollow steam valve of the pump indicates that the 
pump has caught its suction. The steam valve is then left half or three- 
quarters open and the air valves are adjusted until the pump is work- 
ing satisfactorily. The shorter the suction, the greater the quantity 
of air required. The suction valves arc of the clack type, the discharge 
valves of the ball type. The method of operation is, in general, like 
that of other types of vacuum pumps. 


Table 7.— Capacities and Dimensions op Nye Pumps 


Trade No. 

2 

3 

4 

5 

6 

Gal. per min. 






60-ft. head 

200 

300 

600 

800 

1000 

100-ft. head 

100 

200 

400 

600 

800 

Weight, 11) 

650 

900 

1600 

2300 

2800 

Steam pipe, in 

1 i 

1 

U 

U 

2 

Suction pipe, in 

1 3 

4 

5 

6 

7 

Discharge pipe, in 


3 

4 

5 

6 

Boiler h.p.^ 

! 15 

20 

25 

30 

40 


'This boiler capacity is suited for a 50-ft. lift. Two-thirds as much 
capacity will answer for 26 ft. and about 33 per cent, more will be needed 
for lOO-ft. lift. 


The Emerson pump, made by the Emerson Steam Pump Co., of 
Alexandria, Va., has two chambers, Fig. 18, each with a disk suction 
valve at the bottom and a disk discharge valve opening into a small 
chamber from which the discharge pipe runs. On top of each chamber 
is a flan|e with a baffle plate cast on its lower side opposite the port 
through which steam enters the cylinder. The baffle plate distributes 
the steam evenly and prevents any agitation of the surface of the water 
in the cylinders. A condenser nozsle in each chamber is connected with 
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the bottom of the opposite (iham})er by un extra heavy pipe into which a 
check valve oi)en8 upward. As the pressure in the chambers alternates, 
sufficient water will be injected through each nozzle into the opposite 
chamber to condense the steam in it and promptly form a vacuum. A 
small air check valve attached to each chamber at the top and opening 
inward admits a small quantity of air while the chamber is filling with 
water, to act as an air cushion or piston, as in other types of steam 
vacuum pumps. The globe valve just above the steam chest is used to 
regulate the amount of steam to the conditions; another valve for start- 
ing and stopping must be placed between the boiler and pump. 

The steam chest has two ports, one leading to each chamber. A flat 
rotary slide valve, entirely enclosed in the steam chest, admits steam 
through thf^sc ports to the two chambers alternately. This slide valve is 
driven by a small three-cylinder engine rigidly attached to the lower side 
of the steam chest. 

The engine crank shaft extends into the steam chest in the center of 
the bearing around which the slide valve rotates, and a positive connec- 
tion is made between the engine and the valve by steel and bronze gears, 
so arranged that the engine will run faster than the valve. The motion 
of the engine is controlled })y a valve on the exhaust pipe passing down 
from the engine to the suction chamber, where the exhaust steam is 
condensed. 


Table H.— Cai»a(’ities and Dimensions op Emerson Pumps 
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Sotf. — Nub 1 tc» tt arts tw<>-cyhntlcr pumpH and Nos. A to C ar« siiml e-cylinder pumps. 


' Capacities given in the table arc calculated for a lift of 20 ft These diminish at the 
rale of about 4 per rent for every 10 ft. sdditionai head, for Nos 1 to 0, and at the rat« 
of ft per cent for every 10 ft. additional head, in the rase of Nos. A to C The maximum 
head for Iwo-ryJinder pumps is 150 ft. and for singlc-cyfinder pumps 100 ft 

In starting up, the air check valves are opened, and the steam valve 
is opened (or 5 or 6 and then closed. The steam expels the air 
from the lylinders and condenses, fonrnng a partial vacuum wluch 
causes water to rush toward the suction chamber. Tbe 
started by oijealwt, Vnot sWii in the iUustration) 

OIHIW outside. After the wafer has been worked out of the engine 
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and it exhausts steam, the outside exhaust valve is closed and the engine- 
control valve is opened about half a turn. The steam valve is next 
opened two or three turns and the engine-control valve manipulated 
until the pump runs smoothly and quietly. If the suction valves 
hammer it is because either the steam valve has not been opened enough 
or the engine-control valve has been opened too much. 

The same company also makes a smaller single-cyhnder steani vacuum 
])ump, called the Emerson Junior, which utihzes a balanced valve to 
control the operating cycle. 

Underdrains. — Underdrains may be divided into two classes, con- 
struction underdrains, which arc j)ut in simply to facilitate the building 
of the sewer and are generally abandoned upon its completion; and 
permanent underdrains, which are made a part of the drainage system, 
and are provided with permanent outlets. The latter are particularly 
serviceable where a sanitaiy system of sewers alone is provided, as they 
lower the elevation of the water table, thus making it possible to provide 
dry cellars which would otherwise be wet, and often prevent much 
infiltration into the sewens. As such drains are laid immediately below 
the sewers, they are likely to receive the leakage from the latter, if 
Ihcre is any, and care should be taken to prevent the contamination of 
water supplies by tlio di.soharge8 from such underdrains. 

Obviously the joints in underdrains must be left oi)en for the admission 
of ground water, and in some places much trouble has been experienced 
with the growth of roots in the pipes, and also with deposits of fine sand 
and earth, carried in through the joints with the water. In some places 
the sewer manholes have been provided with chambers through which 
access may be had to the underdrains, for puri)ose8 of inspection, flushing 
and cleaning, as illustrated by Figs. 220 and 249, Volume I. In general 
less trouble with the growth of roots has been exi)erienced in underdrains 
than in sewers, a.s the latter are usually nearer the surface and contain 
many joints which arc not sufficiently tight to i)revent the entrance of 
roots, although in some places the reverse is true, more trouble being 
experienced with underdrains. Little can be done to prevent the 
entrance of roots into the uiulerdrains, but if they are thoroughly well 
laid, as described later, there should be relatively little difficulty from 
the admission of dirt. 

If good work is to be done, it is absolutely necessary to have a dry 
trench. Joints made of cement must not be submerged or exposed to 
running water until the cement has had ample time to acquire its final 
set. It is usually safe to allow the water to come in contact with mortar 
after it has had 24 hours in v/hich to set. 

It is claimed that certain plastic jointing mateiuik tusy be powied 
successfully under water. While the authors have seen a few joints 
successfully poured in this way, where care was taken to pour the fluid 
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jointing material into one side of the bell, thus allowing water to flow 
)ut the other, they believe the practice to be dangerous, as there is 
lifficulty in getting good work under such conditions. While concrete 
lan be placed under water, under many conditions, this should not be 
attempted upon ordinary sewer construction, where the thickness of the 
joncretc is relatively small, and where the entire section should be in 
jxcellent condition and thus available for the purpose for which it was 
Icsigncd. 

Where considerable water finds its way into the trench it is generally 
[vise to provide a construction underdrain, through which the ground- 
w^atcr may flow to a gravity outlet or to a pump well provided for the 
purpose. 

The method of constructing underdrains depends much upon the 
inaterial through which they are to be laid. If in rock, there is little 
laiigcr of the entrance of sand or earth which will cause clogging, and 
t is obviously desirable to reduce to a minimum the quantity of rock 
jxcavated. In gravel there may be little danger of the entrance of fine 
material, and it may be neco88ar>»^ only to excavate the trench, lay the 
r)ipo, and refill with a small quantity of screened cobbles or crushed 
itone. The greatest difficulty is encountered where the drain is to be 
iaid in fine water-bearing sand. Here great care must be taken in lay- 
ing and surrounding the pipe with gravel and sand, if the admission 
of fine material is to be prevented. In many instances underdrains have 
been laid only to bo completely clogged within a few hours. The authors 
have laid many miles of underdrains in such trenches, by surrounding 
the pipes with screened cobbles or broken stone, sometimes even covering 
the entire bottom of the trench with gravel to a depth of 2 or 3 in. 

In an article on the “Maintenance of the System of Separate Sewers 
at Newton, Mass.,” by Stephen Childs {Jovr. Assoc. Eng. Socs., Jan., 
1899), the method of laying underdrains in Newton is described as 
follows : 

“Under all of our sowers (with the few exceptions where it was definitely 
known that the level of the ground water was much lower than the sewer 
grade) an underdrain has been laid. The size necessarily varies, our largest 
being 18 in. under one of our main sewers, and 4 in. being the minimum. 
The underdrain pipes are surrounded by screened gravel, and the whole is 
covered with a layer of bagging to prevent the clay from working down into 
the drain. This bagging docs not rot until the soil above has become so 
compact that there can be no tendency for it to settle into the drain. The 
underdrains are so designed that they discharge at frequent intervals, either 
into eonveniqujlt brooks or the Charles River; and as they are inspected and 
kept free, together with the system of sewers, they furnish a continuous 
outlet for ground water, and are therefore of great advantage, especially 
in those parts of our city where the soil is compact clay and the level of the 
ground water high.” 
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Where underdrains are to be laid in bad material or are to be a part of 
the permanent drainage system, it may be necessary to adopt the method 
of construction used for the building of underdrains in sand filter bedS| 
illustrated by Fig. 19. Where the material in which the drain is laid 
is very .fine, it is usually necessary to use two or three grades of 
gravel and a relatively coarse sand, as indicated by the sketch. The 
gravel should be so graded from coarse to fine that the finer material 
overlying the coarser will not penetrate it. By this method underdrains 
have been laid in relatively fine sand and have been kept open for 
many years, in spite of the fact that large quantities of water filtered 
into them continuously. 

Underdrains may discharge into rivers, brooks or sewers, or into 
pump wells. Such wells may be located directly on the line of the 
sewer or at one side of the trench. The latter location is preferable in 
many cases as it is possible to lay the sewer past the pump well, thus 



Hold for Placing 

Motenal. Filling around Underdrains. 

Fig. 19 . — Grading material around underdrains. 

completing it before closing the drain and filling the well. In some 
cases where the slope will permit, it is desirable to turn the under- 
drain up and allow it to discharge into the sewer. In such cases, 
unless it is a storm drain or combined sewer, it is afterwards necessary 
to plug the imderdrain, which is sometimes a matter of considerable 
diflSculty. One method of accomplishing this is to insert into the 
underdrain, or the well into which the drain discharges, and build securdy 
into the masonry, an iron pipe provided with a thread at its upper mid, 
this pipe terminating from 4 to 6 in. below the water line of the masonry 
sewer. Onto this pipe is screwed a length of iron pipe through which 
concrete is forced into the well or underdrain, thus completely or par- 
tially stopping the flow of water. The upper pipe is then removed and a 
pipe cap is screwed onto the pipe previously built into the masonry. 
This makes a tight joint and the concrete or brick work of the sewer WKf 
be completed over it 



78 


AMERICAN SEWERAGE PRACTICE 


Ocoa«ionttlly, underdrains are laid long distances in water-bearing 
gravel and collect very large quantities of water, which may be used to 
advantage. In one or two instances, the authors have extended such 
underdrains into wells from which large supplies of water were pumped 
for condensing purjjoses. In Baltimore, Md., large quantitiesiof water 
collected by underdrains are used for condensing at the sewage pumping 
station. (Jroiind water is particularly good for this purpose as it is 
always relatively cold. 

Where underdrains are to have permanent outlets great care should be 
taken to so build them as to prevent the water from carrying fine sand 
t)r clay into th(im, tlius eventually undermining the sewers and possibly 
[)ther structures, as well as clogging the underdrains. 

Method of Cleaning Underdrains. — Notwithstanding the considerable 
variety of precautions which may be taken to prevent sand from en- 
tering construction underdrains, experience teaches that it does often 
enter and it is dosirahh' to have ready a means of agitating the sand 
so that the water flowing in the underdrain may carry it to the pump. 
The means usually adopted for such agitation is to thread a manila 
roi)c through the l)ore of the underdrain, as it is laid. This may 
be pulled l)ack and forth, thus stirring the sand and i)revcnting its 
sedimentation. 

The; rope should be of hemp, about .'1/4 in. in diametcT, having a loop 
at its forward end which should l)e drawm ahead a» fast tis the i)ipe are 
laid. It should be wound upon a reel suspended in the hist manhole, 
and should ptiss through a snatch-block so arranged that the rope may 
enter the lower end of the underdrain without disturbing the pipe and 
thus avoid the necessity of keeping a man at the lower end to feed the 
rope in lus the work progresses. If the rop>e fails to stir the sediment 
sufficiently a chain may be drawn back and forth through the pipe, until 
it is cleared. 

Method of Handling Excavation in Advance of Underdrains. — The 

difficulties experienced with underdrains filling up with sand are due in 
great measure to the sand which enters the pipe at its upper or free end. 
Sand does not , or at least should not, enter the pipe along its length, 
provided tin* underdrain has been properly constructed. It is difficult 
to prevent the sand entering the pipe at its upper end, as the very 
process of excavation keeps the sand stirred, and with large volumes 
of water flowing directly to the free end of the pipe the sand is carried 
along with the water into the pipe. 

As the construction in the trench of sumps in which the sand may 
deposit, and from which the clearer water may flow directly into the free 
end of the underdrain, greatly delays the progress of laying the under- 
drain, it is generally considered better practice to keep the drain laid 
close to the excavation. 
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In some cases it may be advisable to handle the water which gathers 
within the portion of the trench under excavation by means of hand 
pumps, raising it to the surface, unless the depth is such as to prohibit 
this. Handled in this way, a comparatively short length of trench bottom 
should ly worked at one time, and the underdniin should be laid as fast 
as a portion of the bottom is ready, its upper end being continuously 
protected by means of a substantially coiwtructed strainer so arranged 
as to keep out the fine .sand. One or more hand pumps should remove 
the sand-ladened water which finds its way into tliis short portion of the 
trench, while other pumps should take care of tlie water that gathers 
in advance of this portion of the trench. In this manner the jiortion 
of the trench ready for the sewer is kept dry and the danger of clogging 
the underdrain is greatly reduced. 

SETTLEMENT OF ADJACENT STRUCTURES 

Frequently following or during the construction of sewers, structures 
or buildings adjacent to the line of the sewer are found to have settled. 
There are a number of different conditions which may be responsible 
for this. The settlement of pipea, conduits, pavements, curbing and 
sidewalks along the street in which the sewer Is constructed may be due 
to the caving of the banks of tlie sewer trench, to the slow running of dry 
sand or gravel through the joints of the sheeting, or to the carrying of 
sand into the trench by the water flowing through the cracks in the 
sheeting or from underneath. 

The settlement of adjacent buildings is due to the movement of the 
strata which lie liencath their foundations. This movement is either duo 
to the drainage of water from them, thus causing them to subside or 
shrink, or else to a horizontal movement of a portion of the sand and 
the settlement of the balance with its superimpow^d load, owing to 
the reduced pressure within the trench. There have also been cases 
where settlement of buildings has been due to the movement of in- 
clined, wedge-shaped masses of rock. Such was the case in 1902, when 
buildings on Fourth Avenue, .Vew York, were damaged during the con- 
struction of the Rapid Transit Subway. 

To prevent such settlement, the construction should be watched with 
great diligence. Where sand is finding its way in considerable quantities 
between the sheeting planks, greater care should be taken in placing 
and driving them, while the existing joints should be stuffed with 
oakum, hay or other material, and boards or planks nailed securely 
over the larger openings. In some cases it may be necessary to resort 
to the use of tongued and grooved timber, although this is not usually 
advisable. 

Where water finds its way into the trench between or below the 
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sheeting planks, frequent observation should be made to determine the 
presence of sand in the flowing water. If this water is allowed to 



F|d. 21. — Exterior of pit wrecked by flow of sand. 


carry sand with it for a considerable time, lai^e voids may be formed 
behind the sheeting into which the superimposed soil may slide, thus 
causing damage to adjacent pipes, conduits, curbings, and possibly to 
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buildinga. When such slides occur, damage may result not alone to the 
adjacent structures and buildings but the sudden blow of the falling 
material against the sheeting may break braces and walings and force 
in the sheeting, destroying the trench for a considerable distance. 

The dffect of the unchecked flow of sand is illustrated in Figs. 20 and 
21, which are views of an excavation for a pit for the construction of a 
pumping station at New Bedford, Mass. Here the sand was allowed 
to flow with the water for a number of weeks before the slide actually 
occurred. 

The boiling of quicksand in the bottom of the trench, which is usually 
due to the relieved pressure, and the horizontal flow of sand from the 
quicksand stratum must be watched with great care. At such times 
the sheeting must be driven down on both sides of the trench consider- 
ably in advance of the excavation, thus tending to intercept the hori- 
zontal flow of tlie sand. The depth of the driving will depend on the 
thickness of the cjuicksand stratum, head of water in the sand and many 
other conditions. 

Where such conditions are anticipated and in all cases where en- 
countered, mcjisiiremcnts and observations should be made carefully 
from which the exact condition of the adjacent structures before and 
after the completion of the work may be clearly shown. Such informa- 
tion should include the taking of exact elevations at several points on the 
structures, such points being accurately and fully described so that 
there may be no doubt that subsequent levels were taken at exactly the 
same points. Photographs should be taken and notes made of the 
exact time at which this was done and of the exact location of the 
camera. Measurements showing the relation of the front and sides of 
the buildings to true vertical planes should be made. Such measure- 
ments should be made in advance of any settlement for comparison 
with later measurements, from which the effect of unequal settlement 
may be shown. Such measurements should be made with a transit in 
perfect adjustment, set in the plane of the front or side of the building, 
or a plane parallel to it, and at such a distance from it that the entire 
height of the building may l>e brought within the range of the transit. 
Offsets from the plumb line to the face of the building may then be 
taken by means of a graduated steel straight-edge upon which is mounted 
a spirit level and a target rider which may be set by the transitman, 
accurate and clear descriptions of the points to which the offsets are 
taken being carefully and permanently recorded. Accurate levels 
should be taken along a given course of masonry near the surface of the 
ground, and upon window and door sills, from which the extent of the 
settlement, if any, may be determined. 
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MACHINERY FOR TRENCH EXCAVATION 

Where trenelu’s arc narrow and shallow, hand excavation is generally 
more erononiical than the use of machinery. The depth at which 
mechanical excavation hjis an advantage depends upon many local 
conditions, and no definite rule can he given for determining it. The 
types of machinery most commonly used reijuire trenches to be at least 
3 ft. wide, and such machines are seldom put on trenches unless they 
are at least 12 ft. deep, cxe^'pt where thiTc are traffic conditions which 
make it necessary to confine the work to narrow limits, which can be 
done mu(;h bettor with machinery than by hand excavation. In the 
middle and western states the soils often lend themselves to the use of 
machines of the Austin, Buckeye and other types, cither bucket or 
breast whe(‘l, and many trenches 22 and 24 in. wide and 0 ft. and more 
dwp ar(‘ thus dug. There seems to be a feeling that for less than about 
6 ft. d(‘pth there is no great saving unless labor is scarce or very expen- 
sive. Under th(‘ latter conditions, one machine may do the work of 100 
to 200 men per day. These machines are particularly adapted for use 
in soils like loam and soft sandy clay, which do not require close sheeting 
or heavy bracing. They have been used successfully, however, in 
hea\^y material like shale and hardpan. Pipe lines acro.ss trenches 
seriously interfere with their use, but in some cases it may be more 
economical to tear out such pipes with the machine and replace them 
later than to forego its use. 

With the ordinary hoisting machinery, the cost of picking and shovel- 
ing the earth in the bottom of the trench is usually the same, whether a 
trench machine is used or the work is done by hand. To arrive at the 
comjiarative costs of hand work and that type of machine work, then, it 
is only necessary to compare the cost of staging and overcasting the 
excavat'd material and shovellinj^ it back into the trench, with the 
cost of 0 [>erating a machine, including labor, fuel, rental and all inci- 
dental cxi>enses. When these two charges balance each other, it may be 
wise to adopt some sort of a trench machine as it is much more con- 
venient ancf*doe8 not usually constitute as great an obstruction in the 
street. It is different with digging machines, for they require little labor 
and the dwision to install them .sliould de|K»nd largely on the supply of 
labor luui their cost. Due ri'gard, however, should always Ik* given 
to the probable quantity of work to be done. It is not advisable 
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to secure and use a machine for the sake of a ver>' short piece of work, 
as the cost of unloading and erecting the machine, tiiking it down and 
ro-Ioading it on the car, together with freight charges, is so great that 
it may prove a source of expense rather than of economy, 

A number of machines have been designed expressly for use in exca- 
vating trenches, some for the actual digging of trenches; others built 
primarily for other kinds of excavation have been adapted to trench work 
80 that they may be used to advantage under certain conditions. It is 
not the intention to describe all the machines which have been used for 
excavation of trenches, but only those which are most commonly used 
upon sewer work and a few of the larger machines which have been 
adapted for trench work and may be used to advantage upon some of the 
larger excavations. 

Among the different t>'pcs of machines which are available for trench 
work may be mentioned machines in which buckets arc raised and 
lowered by means of cables, such im the ordinary cablew'ay and the Car- 
son, I'otter and Moore trench machines; trench diggers like the Buckeye 
Traction Digger; the steam shovel with or without an extra long dipper 
arm, and either moved on standard gage tracks laid in the bottom of the 
trencher carried on tracks or traction whcc'ls upon the surface of the 
ground ; clam-shell and orange-peel buckets operated by derricks or 
locomotive cranes are also useful upon large work and wide trenches, and 
8(Taj)erH drawn by horses or mules, ojMjrated by derricks or by means of 
hoisting engines and cables, have been used to a limited extent upon 
sewer work. 

Carson Trench Machine. — The Carson trench machine was designed 
by Howard A. Carson and first used upon work in the vicinity of Boston, 
Mass. It was designed especially for sewer trenches and is particularly 
well adapted to this class of excavation. It consists of a set of trestles 
tied together by connecting rods at the bottom and girders at the top. 
the whole being moved along a track laid on the surface of the ground. 
Attached to the girders is an iron track upon which travelers carrying 
the buckets are drawn forward and backward by means of two ropes 
operated by a double-drum hoisting engine, as shown in Fig, 22. 
The engine is carried upon a bed or car wliich rolls along the rails of the 
lower track. The drums of the engine are placed forward in the direo- 
tion in which the work is to progress. The head rigging which is bolted 
to the engine bed projects forward a short distance to carry the blocks 
through which the ropes run from the drums to the rear part of the 
machine. The trestles in the rear of the engine bed are made in the 
shop and are set up indi\idually. The first trestle when erected is 
attached to the engine bed and head rigging by means of two connecting 
bars, one on each side immediately over the rails of the bottom track, 
and a girder at the top which is fastened at one end to the trestle and at 
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the other to the head rigging. In erecting, work is begun at the engine 
bed and proceeds toward the tail end. All of the trestles are inter- 
changeable, except the one which carries the tail table and those making 
up the head rigging. At the rear end of the machine are two braces 
which maj» be attached to the next trestle forward or which may be 
swung around and placed against the ground to support the machine. 
The trestles are braced by means of diagonal braces against the girders, 
thus stiffening the machine. Hangers are attached to the girders and 
carry the upjier track, which is made of flat pieces of steel about 6 in. 
wide and 3 /8 in. thick. These* are usually in 8-ft. lengths. The girders 
are a little short of IG ft. in length, the distance from center to center of 
trestles being 16 ft. 

The carriages or travelers which oarr>' the buckets are provided with 
wheels hung upon the uj)pcr track. Each traveler contains a large 
wheel over which the bucket ro|)e passes. These tub ropes, shown in 
Fig. 22, are attached to an equalizer carried by a small traveler near the 
forward end of the machine. The roj^es are of the exact length required 
for spacing the travelers S ft. apiirt. The main hoisting rope, carried on 
the drum nearest the boiler, is attached to the equalizer and runs 
through a large block at the forward end of the head rigging. By means 
of this main hoisting rope the buckets are raised or lowered into the 
locks in the travelers. Another rope runs from the outer drum of the 
engine through a smaller head block in the head rigging and over the 
trestle to the tail table at the rear end of the machine. The rope passes 
through this table, which contains two blocks, one at the top and one at 
the bottom, and back through the table to the rear end of the last traveler. 
By means of this rope the buckets are drawn to the rear of the machine as 
the hoisting rope is allowed to run off its drum. 

The traveler is provided with two jaws upon which the tubs rest, thus 
preventing them from falling into the trench when the main hoisting 
rope is released. When it is desired to lower the tul>8, the locks are 
raised by means of a latch-lever and rod, after which the main hoist rope 
is very slowly released, constant tension being kept upon it, until the 
lugs on the tub ropes have passed through the locks. The jaws of the 
locks may then be allowed to drop, the rope passing between them. The 
tubs are then gradually and carefully lowered into the trench, the 
engineer keeping a constant strain upon the hoisting rope so that he 
may atop them at any moment upon signal from the latchman, who stands 
on a running board near the forward end of the machine with one hand on 
the bell cord and the other free to operate the latch-lcver. 

When the empty tubs reach the bottom of the trench, the ropes 
attached to them are unhooked and hooked onto another set of full 
tubs. The signal is then given by the latchman to the engineer to hmst 
the tubs carefully into the locks. The lugs on the tub ropes are conical in 
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shape, and wh(‘n raised ultimatdy lift the jaws of the locks and pass 
through th(jin to a height sufficient to allow them to drop. When the 
locks have thus dropr>ed, the latchman signals the engineer, who 
carefully rekuises the main hoist roj>e allowing the tubs to settle back 
on to the jaws, after which th(‘y cannot drop. When the full buckets 
have thus been landed in the locks, and the latchman is sure that the 
jaws of all the locks have proi)erly fallen and the tubs are securely 
fastened, he giv(is a signal to the engineer who releases the main hoist 
rope and draws in the tail rope, thus drawing the buckets to the rear of 
the machine. They are dumped by the dumpman at whatever point is 
desired, (‘ith(‘r into the trencli, on the bank, or into carts provided to 
carry th(‘ surplus material to the spoil bank. 

When exca\'ation in a section has been completed, a rope, one end of 
which is se(;ured to the engine bed, is carried through a snatch block 
secured to a deadman ahead of the machine, and back to a winch on the 
engine. The rnacliine may then be drawn ahead by coiling this rope 
around th(' winch. Thus only one engine is recpiired for operating the 
maohiiKf and moving it ahead. The sizes and capacities of these 
machine's are given in Table 9. As the tubs are spaced 8 ft. apart, the 
four-bucket machine will provide for the excavation of a section of 
trench 32 ft.; tlu' six-bucket machine one of 48 ft., and the eight -bucket 
machine one 64 ft, long. Machines may be had with double or single 
ui)i)er tracks. Tiie nominal capacity of the double-track machine is 50 
per cent.gH'ater than the single trench machine, as one set of buckets is 
Ix^ing hoisted while the other is being lowered. Thus three sets of 
buckets are continually in use, one set being filled, one hoisted and 
carri(>d to the dump, the other dumped and returned to be loaded. 


Tahle 9.— Sf/K.s and Capacities of Carso.v Tdench Machines 


No of tulw 
lioiMted ut 
a tuuo 

.No of 
fiirniHliod 
with 
luuchino 

Single or 
double 

UPIMT 

track 

Capacity of machine 
when run at niodrrutc 
speed continuously for 
10 hours, with tuba 
holding 5 5 cu ft each 

Length of 
working 

SOCllOIl 

Ilorae-power 
double drum, 
double cylinder 
homing engine 
required 

4 

12 

Single 

200 cubic yd. 

192 feet 

20 

6 

18 

Single 

300 cubic yd. i 

288 feet 

20 

8 

24 

Single 

’ 400 cubic yd. 

320 feet 

20 

4 

1C 

Double 

300 cubic yd. 

192 feet 

20 

0 

24 

Double 

450 cubic yd. 

288 feet 

20 

8 

32 

Double 

0(X) cubic yd. 

320 feet 

30 


The capacities given in Table 9 are nominal capacities. It is not to 
be exjiectKi that these capacities will be reached continuously for long 
periods of time. As a matter of fact, an average of 100 cu. yd. per day 
of 8 hours is vcr>’ good work with a si.x-bucket, single-track machine, 
and olttti the output of the machine will fall considerably below that 
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amount, due to delaj’s from various causes such as time required for 
placing sheeting, lack of sufficient teams to carry the surplus material 
away, difficultias due to ground water, changing laborers from one sec- 
tion to another, pipes to be moved, and a multitude of obstacles en- 
countered lin this type of work. 

Three counter-buJfFers are provided w'ith each single-track machine. 
These are spaced 48 ft. apart on a six-bucket machine and near the for- 
ward end. A buffer is attached to the rear traveler, so that when the 
empty tubs whic.h are being drawn in by the hoisting rof)e reach the 
counter-buffer, the carriage's stop and the hoisting rope then raises the 
buckets slightly so that the latchman has an opportunity to lift the jaws 
of the locks. The buckets are then lowered into the trench. 

If (‘xcavatiori is carried on in the section nearest the lioisting engine, 
the count(*r-l)uff('rs for the next two .sections are tied so that the carri- 
ages can be pulhsl past them to the forward counter-buffer. In very 
hard digging, and sonu'tinu's in other ea«e.s, excavation is carried on in 
two or thr(‘(‘ sc'ctions siinultamously. In this cast' the latchman is 
retiuired to ofK'rate the counter-buffers from time to time as may l>o 
nt'ct'ssarv. If the bueket.s are to be lowered in the section farthest from 
tlu' engine, the buffer of the la.st carriage will engage the counter-buffer 
farthe.st from the engiiH', the tubs will be lifted, the locks optmed and 
then th(‘ tul).s lowered. If, on th«‘ other hand, work is progressing in the 
secon<i section, the la.'^l eouiiter-buffer from the engine must be lifted 
to allow tli(‘ Inickc'ts to pjws forward to the middle counter-buffer, which 
engages the buffer oj' the last carriage, after which the tubs can l>e low- 
er'll into this section. 

Kaeh tub is jirovided with a pair of common bails and a latch. When 
the latch is lifted one of the bails is released, allowing the bucket to be 
revolved. The lat chinan releas(‘s t h(‘se latehe.s one at a time, as the tubs 
pass him, dumping the tub and turning it back into position and latch- 
ing it, or sometimes he will release the latches and dump the tubs as they 
pass him going out and right and latch them as they arc drawn past him 
on the return trip. 

A sufficient numlier of trestles must be provided to allow for hoisting in 
as many sections as it is desired to <levote to excavation, usually at least 
two; to provide spaex* for the masonry construction, which would usually 
require two sections; and to provide suitable additional spaec for back- 
filling the trench, w hich should generally be two sections, making a total 
of six sections back of the emgine. In the case of a six-bucket macMne 
each of these sections would l>e 48 ft. long, making the total length of 
the working section 288 ft. The method of operating a machine and of 
canning on the work in the trench is well illustrated by Fig. 23, in which 
excavation is represented as being carried on only in the head section, 
the brick sewer is feeing laid in the next section, the completed sewer is 
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being allowed to stand until the cement has an opportunity to set, in 
the next succeeding section; while the remainder of the sections are be- 
ing used for backfilling the trench. This is a double-track, four-bucket 
machine, using three sets of buckets. One is being filled, one is being 
lowered into the trench, and the third is being dumped. % 

The manufacturers of this machine claim for its advantages that the 
earth is handled but once; all operations are carried on over the sewer, 
thus neither ol)structing the street nor trench operation; a compactness 
of work is secured, by which it is carried on systematically; there 
is a systematic division of labor so that the work of each laborer or pair 
of laborers can be observed and efficiency thus obtained, and excar 
vation in (luicksand and soft mud can be done more successfully than 
with hand work, or the use of apparatus requiring very large tubs and 
slow oi)eration. 

The force recpiired to operate one of these machines consists of an 
engineer, fireman, latchman and tubman. In some cases where the work 
is proceeding slowly, the engineer can do his own firing. It is sometimes 
thought desirable to use hoy^ for latching and dumping as they are 
quicker and lighter, whereas the older men are slower and do not get 
along as well on the running boards, which are usually 2 or 3-in. plank 
12 in. wide and about 18 ft. long, extending from trestle to trestle the 
entire length of the machine. It is very essential to have a careful and 
alert man or boy to do the latching, as he must observe carefully each 
of the travelers to make sure that the jaws have fallen before the engineer 
releases the main hoisting rope, otherwise a tub may fall through one of 
the locks, in which case, unless the engineer is remarkably skilful, it is 
likely to fall to the bottom of the trench, to the great danger of laborers 
below. Even where the engineer is quick enough to stop the tub, the 
strain ui)on the tub rope may be great enough to part the rope, in which 
case the bucket will fall to the bottom. The latchman should be fairly 
well acquainted with the machine, and each noon should look over 
the travelers and the upper track and see that all bolts are tight and 
that the travelers and sheaves are well oiled. The authors have also 
found it desirable to have a skilled mechanic, or perhaps the engineer, 
go over the machine carefully on Sundays, to make sure that the ropes 
are properly adjusted, that all parts of the machine which have worn 
are replaced by new ones, and that the whole mechanism is in perfect 
condition. Too much emphasis cannot be laid upon the necessity of 
having the machine in good order, as it is a source of danger to men 
working below it if it is not in condition for successful and safe 
operation?^ 

For ordinary’ sewer construction the six-bucket single-track machine 
is probably the most convenient and desirable type. If the trench is 
very wide, or the excavation exceedingly hard, it may be desirable to use 
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the doubl^traok machine, thus tncreiising the output. Where the 
machine is to be taken around curves it is desirable to use the narrow 
track rather than the I-beam track which is sometimes furnished. 
Machines of this kind can be taken around curves of fairly short radius, 
but difl5cu|tie8 are encountered when this radius is less than 100 ft. A 
skilful foreman, who has had experience with these machines, however, 
will successfully take them around a curve of very short radius, 

Moving forward requires usually but about 10 minutes shut-down 
of the machine. The lower track should l^e laid before the excavation 
of the section being worked is finished. When the track is laid, the 
deadmen provided and the moving ropes are in place and attached to 
the winch, excavation in the bottom of the trench is stopped and the 
machine is quickly drawn forward. Immediately after the machine 
has reached its new iKwition, the work can be resumed. 

The cost of operation dc|)end8 primarily upon the cost of labor, fuel 
and rental. The union wage for engineers around Boston is $25 for 
a 44-hoiir week with time and ono-half for overtime and 65 cents per 
hour for broken time. Firemen are usually paid the same rate as com- 
mon laborers. 

The charge for a six-bucket, single-track machine including suitable 
engine, is about $200 per month, the cost of unloading from cars, hauling 
to the work and erecting depending upon the skill of the nien employed 
and the distance it is hauled. When the men upon the work have used 
such machines many times, as in the case of some municipal day-labor 
organizations, a machine can be taken out and erected ready for opera- 
tion in two days, and can be taken down and packed up at headquarters 
in from one day to one and one-half da 3 r 8 . The cost of taking out and 
setting up where the distance from the shop yard or railroad is not more 
tlian 2 miles, should average about $100, and the cost of taking down 
and loading for re-shipping or packing away in the storehouse should bo 
about $50. Where the men on the work are not familiar with the 
machine and handling it, these costs may be doubled or trebled. 

The amount of coal used by a six-tub, single machine, upon nine jobs 
in Worcester, Mass., averagixi 561 lb. per day, the minimum being 
501 and the maximum 646 lb. These pieces of work each lasted for 
several months, and were not exceptional for work in this part of ^ 
country. On one piece of work where a four-tub, single-track machine 
was used, 473 lb. of coal were used per day. To arrive at the reid cost 
of the use of the machine the cost of setting up and taking down and 
transportation between shop or oars and the job must be added. If the 
job is of long duration these items will make only a small addition to the 
daily cost of operation. The cost moving ahead, equivalent to tbe 
cost of one additional man per day, must be included in the estimate. 
There must also be a slight addition for minor repairs, inspecrion, oil 
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and waste, so that the net cost of operation ought not to bo figured, in 
estimating work, Jit less than $25 per day. Based U{X)n this estimate 
and an averagt* of 100 cu. yd. j)er day excavated, the cost i>er cubic 
yard would l)e $0.25. This cost includes only the cost of hoisting the 
excavated material, carrying it back and dumping it into th^ trench or 
into carts to be hauled away. The cost of picking and shovelling in 
the bottom of the trench and of tain[)iiig the backfill or hauling waste 
material to the dump must be added to this, to arrive at the true cost 
of excavation, exclusive of such items as sheeting, pumping, etc. 

Potter Trench Machine. — Another excavating apparatus especially 
d(?signed for trench work is tli(‘ Potter trench macihine, Fig. 24. This is 
a cablo-o]>erated, i)ucket machine, running upon a track laid on the 



Fkj. 2t — Potter standard lioister and conveyor. 


ground like the Carson trench machine. A standard machine is 10 ft. 
0 in. wide and the height of the treaties above the ground is about 7 ft. 
On top of the trestles are two rails on whi(di a car is movai backward 
and forward. On this car are airried the tubs, usually two in number, 
although the oar can be equipped for four, or one of them may be taken 
off and the machine o|>erated with the remaining one. This machine is 
operated by a double-dmm hoisting engine carried on a car at the for- 
ward eneVof the machine. The machine is moved ahead from section 
to section like the Carson trench machine. Twelve buckets arc asually 
supplied with each machine. They are made of steel and vary in 
capacity as desired from 1 /4 to 1 cu. yd. For very wide trenches, these 
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m^hines may be had wide enough to accommodate two upper tiwcks 
and two Mrs, thus greatly increasing the output of the machine. 

^tter Excavator and Conveyor.-The Potter Manufacturing Co. aim, 
i^es a machine known as the Potter Kxcavatorand Conveyor, Fig 26 
This is^uipiHHi with an orange-peel or clam-shell bucket by means of 
which mgpng, as well as hoisting and conveying, is done. The 
material thus excavated is riused and duniiied onto a oonveying car 
whKh nins on the upper track. When the car is loadinl it is pulled to the 
rear of the machine, umler a scra|)er, which scra))es the material off and 
allows It to fall into thi' trench as backfilling. 



Fio. 25. — Potter excavator and conveyor. 


The Cableway.— The cableway, which is used so frequently on many 
classes of work, is occasionally employed on sewer trench excavation, and 
some special cableways have been made for this purpose. A large 
cableway of the ordinarj- type is not particularly well adpated for 
se«cr trenching. For this work, light towers which can bo eiurily 
mov^ should be provided, and the cableway should Im relatively short 
usually not over 300 ft. in length. Only one tub is handled at a time^ 
and this has a capacity varying according to the rpquiremente of the 
work, from 1/2 to 1-1/2 cu. yd. 

As a cableway is relatively high above the ground and ia supported 
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Fig. 26. — Cableway used on St. Louis sewers (Lambert). 



liG, 28. — iSteam shovel wrth high crune and long arm. 

omilwioii of hrare* for the upp*T r»ii««r». which w.» made pon. 

th« oml*«un^*f;rU:oTd\‘n*dtlrrd‘^ ‘O 
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r Ki. J9 Austin ti‘(*ii(‘lu‘r e\ca\;»tinp a troiioh IK) inciioe wide and 15 feet 

deep. 



fad siwditfd only at tba ^ 30d to 1<K)0 It. ^ L 
provont tiie btiekots from eviogiiig and hitting and iwmudrttifti^y ' 
bg out the timbering and en^mgering the men in the irenoh. It ii 
also difficult to land the buckets gently and if landed wMi gbl y there b 
danger to the men and difficulty in moving the empty bu<4cet to tht 
dedred* position. Similar, though lees serious, trouble attemk the 


tion consumes considerable time during which all excavation is stopped. 

On the other hand, the cableway possesses some advanUges over 
some of the other trench machines, as the cable is high above the street 
and there is no track to maintain and keep clear. The excavated material 
may be piled as high as desired under the cableway. There is also less 
danger of damaging the machine when blasting. As the cableway is 
supported only at each end it adds no weight to that of the banks to be 
supported by the sheeting and bracing. 

'Hie standard 400-ft. span sewer cableway made by the Lambert 
Hoisting Engine Co. is shown in Fig. 26, a view taken on some sewer 
work in St. Louis, where such cableways have been used to a considerable 
extent. A double-drum hoisting engine is used on these plants, built 
to enable the operator to hoist and convey his load simultaneously* 

Carson-Trtinor Bolster and Conveyor.—For trenches in which the 
cableway type of machine is desirable but its system of anchorage is 
objectionable, a type of machine has been devised, by which sin(de 
buckets are operated much the same as by the cableway, but are carried 
upon a steel track supported by wooden or stool frames id wmlK** design 
to those of the Carson Trench Machine. This is known as the Canon* 
Trainor Hoister and Conveyor and is moved forward in the 
as the trench machine. 

Steam Shovels. — While the steam shovel is not particularly well 
adapted to ordinary sewer construction, it has been used with mm or 
less success upon some large work. For this purpose it is ustiiffiy desliw 
able to provide an unusually high crane or a long dipper arm pr 
although a shovel of standard dimensions may be used for a 
trench, ultimately to be carried deeper, or for the whde excavation Id A 
very shallow trench. The use of such a shovel for making the Ant out 
on the Southern outfall in Louisville, Ky,, 1008, » illustrated in Rg. 27* 

This shovel was moved upon rails laid at the bottom of the cut, Itwsi 

of standard design and made a cut about 10 ft. deep, the excavated 
material being discharged into can run on a standard gage track fVwt 
to the edge of the trench. 

A shovel designed for sewer construction is Shown in F%. 28. TWs is 
carried by a specially constructed car, moving on rolls ruiudiig on . 


hoisting. Another objection to the cableway upon aewinr work is due 
the fact that it cannot be moved forward quickly but must be taken dowi^ 
carried forward and again erected every time it b moved, Thb ooera* 
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on either side of the trench. The crane is high and the dipper arm is 
long, so that it was possible to excavate to a considerable depth. Similar 
shovels are sometimes mounted upon traction wheels which run upon 
heavy timbers on each side of the trench. About 10 lin. ft. of trench 
may be excavated for each move of the shovel, each section being 
thoroughly braced before the shovel is moved ahead, to prevent the 
caving of the banks while carrying the shovel. 

The capacity of steam shovels varies greatly and the capacity of a 
shovel used upon a sewer trencdi is likely to vary greatly from day to 
day. While the nominal capacity of a shovel may be perhaps 1000 or 
1500 cu. yd. j)er day, the delays incident to the work are often so great 
that only a relatively small percentage of the nominal capacity is ex- 
cavated. Such delays may be due to the sheeting and bracing of the 
trench, the ])lacing of niasonry and waiting for masonry to set and 
become strong enough to carr^^ the backfilling. If the shovel is used 
only to excavate the upper part of the trench, it is probable that the 
excavation of the lower part, will not proceed as rapidly as the shovel is 
capable of removing the u])pcr ])ortion. The steam shovel will therefore 
remain idle for considerable periods of time, thus greatly reducing the 
nominal output. 

In estimating the cost of steam shovel work on sewers these elements of 
delay should be given proper weight. While the cost of steam shovel 
excavation urnhu' most favorable conditions, where trenches are relatively 
shallow and delays }iro few, such as ditching for drainage purposes where 
ma.sonry structures are not required, may be as low as 5 to 10 cents ])er 
cubic yard, the cost of ordinary sewer excavation, w’here trenches are 
fairly deep and the usual difficulties arc encountered, is likely to run 
from 15 to 25 c('nts per cubic yard, even upon relatively largo work. 
These estimates do not include the cost of pumping, sheeting, handling 
backfill, tnins{)orting surplus material to the spoil banks, etc. 

It is difficult to sheet and brace securely a trench excavated by steam 
shovel, as the bracang, if put in before the excavation is carried danger- 
ously deep, will be in the way of the dipper. Furthermore it is not 
}X)88ible to excavate to the exact lines required for the sheeting. Either 
the shovel excavation must be kept narrow, necessitating much hand 
trimming of the banks, or it will be too wide in places, making it im- 
j) 08 sible to slieet and brace the banks properly. Where the trench is 
through paved streets, or streets in which gas and water pipes arc laid 
and where buildings stand near, damage is almost sure to follow the use 
of a steam shovel because of settlement of the adjoining ground due to 
improper skccting and bracing. In some cases, also, it has been found 
that the great weight of the shovel, necessarily supported close to the 
trench, has increased the strain upon the timbering and caused the settle- 
ment of the adjoining ground. 
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In spite of these facts, the stenni shovel may be used successfully in 
^me for making the fimt cut for deep sewers of large dimensions, 
the matenal so exeavatod boing hauled away and wasted, while the 
remaining and deeper portion of the excavation is made by one of the 
other rnethoda herein outlined, the material excavatcMl thoix^by being 
retained for backfilling the trench; and it may prove advantageous upon 
some other trench work where conditions are particularly favorable. 

Endless Chain Machines.— Machines of the endless chain variety are 
usually operated directly on the ground by engines mounted upon wheels. 



Fig. 30 -Ihifkryc* traction ditcher. 


The digging is done by buckets carried by an endle.ss chain running over 
sprocket wheels on the end of an arm suspended from the rear of the 
machine and adjusted to p<?nnit the excavation of the trench to a precise 
grade regardless of the inequalities of the surface over which it passes. 
The width of the trench excavated is governed by the width of the 
buckets selected, each machine being supplied with buckets of several 
widths. The material excavated by the buckets may be dropped upon 
an endless belt operating crossways of the ditch and dkehargbg the 
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excavated material in a windrow on either side of the trench or into 
wagons to be hauled to the rear of the work for backfilling or wasted. 

There are a number of different makes of machines of this type, each 
having its particular method of loosening and excavating the material, 
all of which should be investigated before the most desirable machine can 
be selected for the particular work in hand. The Austin Trencher is 
illustrated by Fig. 29. The advantage of these machines over those of 
the Carson type is that no picking and shoveJling is required, the ma- 
chines doing the excavating as well as the hoisting, and discharging onto 
a spoil bank at the side of the trench or into carts. These machines are 
adapted for relatively shallow trenches through virgin soil where brac- 
ing is not nec(‘ssary, and w^here pipes, conduits and sewers crossing the 



trench arc not encountered. In some classes of material which require 
bracing, it may be possible to excavate a short distance ahead of the 
bracing, moving the machine along and then adjusting the braces behind 
It, 1 ^ Illustrated by Fig. 29. This would not be practicable in many 
sandy soils, and especially where there is considerable ground water likely 
to caust' caving of the banks. The sizes and capacities of Austin trench- 
mg machines are given in Table lOA, and those of the Parsons machines 
in Table lOB. 

Another somewhat similar type of trench excavator has the buckets 
attach^ large wheel instead of endless chains. The Buckeye Trac- 
tion Ditcher, Fig. 30, is an example; it has been used mainly in laying 
orain tile, but has also lieen emploj^ed in sewer and water-mwn trenches 
nf relatively narrow width. The trench shown in the iUustration was 
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32 in. wide and 12 ft. deep, on a contraet taken by Laurin & Leitch, 
Montreal, P. Q. 

Drag Scrapers. — Drag H(Tai)ers have long been used to remove the 
upf)er portion of the treneh, l)ut have usually been oj)erated by animal 
power. More roeently similar devices have been ojKirated by portable 
derricks l>uilt with extremely long liooms which handle a si)ecially de- 
signed scraper. This scraper is dropped from the end of the boom into 
the trench and drawn along the bottom until it is filled, when it is raised 
by the cal)le, moved to one side by the boom, and its contents dej)Ositcd 
along the trench or in wagfms or cars to be hauled away for backfilling or 
to Ik^ wasUid, as may Ix' desired. 

The machiiK' shown in Fig. 31 was an electrically operated llucyrus 
excavator, but the st(‘am-oj)erat(‘d machines are similar in appear- 
ance. The boom was d.'i ft. long and the bucket Indd 1-1 /4 cu. yd. The 
machine moved on caterpillars in.stead of ordinary wheels, and w'as em- 
I)loyed on an irrigation ditch by the U. S. Reclamation Service. 

Derricks and Cranes.— Derricks and cranes are frequently used for 
sewer construction, and may })e supported either upon rolling platforms 
or who(‘l trucLs moving on the ground or on tracks. These derricks 
are usually placf'd along the side of the trench and are used to operate 
orange peel bu(;k(‘ts, or to lift buckets which have been filled by laborers 
in the ditch, dumjiing the material in wdndrows along the trench, or into 
wagons or oars for hauling back to the finished portion of the sewTr for 
backfilling or wasting. 

For this type of machine the regular locomotive crane pivoted to 
ojicrate in any direction is most convenient, especially as it may be 
moved (luickly forward or backward along its track by its own power. 
With projKT management this machine should seldom be idle, for w^hen 
it is not needed in excavating it can be used in loading or unloading 
cars or wagons, in placing materials in the trench, in ojierating scrapers 
for backfilling, or in pulling sheeting. 

The locomotive crane, however, is an expensive machine, costing 
about $/.o0(). On this account, many contracts are too small to warrant 
its use. A wooden stiff legged derrick oiH*rated by an ordinar}’’ double- 
dnuii hoisting engine, costing from $1500 to $2500, has been found very 
useful uj)on large work. A derrick of this sort used on the Louisville 
sowers is shown in Fig. 32. The length of boom will depend upon 
the wddth of trench and the available space for the spoil bank, but 
w^ill generally not exceed 30 ft. 

£zcavati|ig Buckets. — Uimn some classes of large sewer work wdiere 
the material to be excavated Is of a loamy or sandy nature, the use of 
orange jHxd or clam shell l>uckets ojK‘rated by locomotive cranes or 
Htiff legged derricks may prove economical. Obviously it is not possible 
to trim banks accurately to line with such excavators. This must be 
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(lone by hand, the material trimmed off being thrown toward the center 
of the trench where it can be picked up by the bucket. Whore such 
buckets arc to be used it is desirable to make the w^ctions between 
braces 10 ft. or so long, to allow ample room for the swinging of the 
bucket, which cannot be altogether prevented. With such apparatus, 
as with the steam shovel and other mecdianical excavators, it is not 
desirable to carry the excavation to within 6 to 12 in. of subgradc. 
This latter portion of the excavation should lx* done by hand, because 
digging with buckets or dippers in the iininediate vicinity of subgrade 
is likely to loosen the material, thus giving an opjmrtunity for the 
Bcttlement of the masonry structure to lx* plactKl upon it. Further- 
more it is not possil)le to excavate with such machinerj^ exactly to a 
gi v('n elevation. If the attempt is made to excavate exactly to subgrade, 



Fig, 32 .— Traveling derrick, Louisville. 

the probablility is that much of the excavation will be earned slightly 
below subgrade. Refilling with some suitable material will then become 
necessar}'. Fig. 32 shows an orange pend bucket dumping its contenta. 
In excavating it is dropp(*d in an op>en position to the bottom of the 
trench and then closed by hauling on the main rope. The heavy leaves 
or scoops are so formed and the w'eight of the bucket is so great that 
they dig into the material in the trench as th(‘y close. 

Economical Use of Machinery.— The type of machine to be used 
and the extent to which it is us^ will vary according to the conditions 
surrounding each particular undertaking. Where much rock excava- 
tion is anticipated, the necessary delay in its excavation may preclude 
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the use of expensive machinery upon the excavation of the overlyin 
earth as it will be likely to remain idle much of the time. 

Success in the use of machinery for excavation is dependent upon coc 
tinuity of operation, at a rate approximating its nominal capacity 
When machinery is employed on sewer construction a full quota c 
labor, teams, cars, etc., should be provided, so that the machinery ma' 
be constantly employed, and consequently the unit cost of the machiner 
charge may be reduced to the lowest possible figure. In this connectioi 
it is important to note that the machinery should be kept constantb 
in repair, the repairs being made at times when the work is shut down fo 
any cause. 


1 ^ 



CHAPTER V 

METHODS OP ROCK EXCAVATIOK 

The method to be adopted for the excavation of rock in aewer trenches 
depends upon the quality and quantity of rock to be excavated. I./edgo 
varies greatly in character, from that which is disintegrated and soft 
and may be removed by picking and shoveling as readily as some kinds 
of earth, such as hardpan, to extremely hard, igneous rock like granite 
and trap, which require drilling and blasting for removal. Between 
these two limits there are many kinds of rock of varying degrees of 
hardness. Some may be removed by picking, barring and wedging 
without the use of explosives, and some, like limestone, may lie in nearly 
horizontal strata and may be removed by methods similar to those em- 
ployed in the ordinary quarrying of building stone. 

The method to be adopted for excavating a certain quality of rock 
may vary under diflferent conditions. In some cases the quantity to be 
removed is so small or the danger of damaging adjacent structures may 
be so great as to warrant its removal by picking, barring and wedging 
even where the nature and quality of rock are such as to warrant drilling 
and blasting under other conditions. 

The methods commonly used for drilling ledge may bo divided into 
two classes, hand drilling and [)ower drilling. Hand drilling in turn may 
be subdivided into three classes, single hand, double hand and churn 
drilling. Power drilling may l)e classified in accordance with the type of 
machine drill used, which may be a rotary or core drill, a reciprocating 
or percussion drill or a hammer drill. 

Hand Drilling. — For small holes and occasionally for large ones of 
moderate depth, the drill may be held in one hand and struck by a ham- 
mer held in the other hand, the hammer weighing about 4 lb. This 
method is largely used in quarrying, where a number of small holes are 
drilled in a line along which the rock is to be split by driving small 
wedges into the holes between tapered stripe of steel. The wcnlgee and 
strips of steel are called ‘ slugs and feathers.” 

For larger and deeper holes it is customary to have one man hold and 
turn the drill, while two or three men strike the head of the drill in rota- 
tion with hammers weighing from 8 to 12 lb. In this method, the drills 
should be turned about 45 deg. each time in order to Insure a neatly 
round hole. 

In chum drilling the hole is drilled by the churning of a steel drill, 
which is raised by hand and allowed to drop of its own wei^t, or it may 
101 
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be thrust into the hole, although but little advantage is gained thereby. 
Each time the drill is raised, it is turned about one-eighth of a revolution 
so as to prevent its striking the bottom of the hole successively in the 
same position. By confining the turns to about 45 deg., the hole is 
maintained more nearly circular than would be the case if a larger turn 
were given each time. Whore added weight is desirable, a ball of iron or 
steel is sometimes welded to the drill rod, at or slightly below its middle 
point, care being taken to have the center of gravity of the baU in the line 
of the axis of the rod. 

The bit ordinarily used in double liand drilling is provided with a 
chisel edge and is made from octagonal steel 7/8 in. in diameter. The 
wedge-sha])ed edge varies in sharpness according to the quality of rock 
to be drilled. It should be made as sharp as possible and yet not break 
or become rapidly dulled. The angle of the wedge-shaped edge usually 
varies betw(‘cn 45 deg. for soft rocks and 90 deg, for hard rocks. 

Bits are usually made up in sets, depending upon the depth of holes 
to bo drilled. The bottom of the hole must be about 1 in. in diameter 
to receivi' the or<linary dynamite cartridge. The finishing drill must 
therefore Iiave a face at least 1 in. in length, and as a matter of fact, it is 
usually made somewhat longer, in order to allow for wear. Each bit 
must bo slightly smaller than the bit preceding it in order to allow for 
wear in drilling. A set of four bits will ordinarily varj^ approximately 
between 1-5/8 in. for the starting bit to 1-1/4 in. for the finishing bit. 
It is necessary to re-sharpen the drills at frc'quent intervals, not only 
that they may be reasonably sharp, but that they may be of proi)er gage. 

The cost of hand drilling varies according to the hardness of the rock, 
although the difficulty of drilling is not always dependent wholly upon 
hardness. Rock which is seamy and lies at an angle steeper than 45 
deg. with tlie horizontal, may be quite difficult to drill because of the 
t(?ndoncy of the drills to bind and stick in the holes. Limestone is 
usually very easily il rilled, while trap rock and quartzite are hard to 
drill. Some seiimy shale, although relatively soft, lies at such a steep 
angle with the horizontal that it is difficult to drill. 

The authors have usually found it desirable to provide one man to 
turn the drill and two men to do the striking. An illustration of the 
amount of work done by such a gang of men is furnished by the data 
given in Columns 1 and 2 of Table 11. 

Assuming that the wages paid the laborers for this work were 12 per 
day of 8 hours, it appears that the cost of labor for actually drilling the 
holes vyied, on the average, from 28 to 60 cents per foot of hole drilled. 
This, however, does not include the cost of the steel, of sharpening the 
drills, or of the time of the foreman, supervision, or any cost for supplies, 
bookkeeping, etc. The holes drilled were of proper size for the ordinary 
cartridges of blasting dynamite. 
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BY Hand and by Steam Dmix. 

IN Day or t,OHT Hodbb .n Sewer Trencher at Worcecter, 
aMa8«. (1905-1906) 


Holes dnllf 
' by 3 

><I by band ; Holes dril 

led by one ' 

*”•*** ' 3i in. steam drill ' 

Msximunf 

1 Averaice ^Maximum 

' Average j 

(1) 

(2) ‘ (3) 

1 (•*) r 

24.0 ft. 

12 3 ft. 68 0 ft. 

( 13 2 , 76 0 

! 50 3 ft.i 

20 7 

49 5 ! 

21 2 

! 17 8 42.0 

30 3 ' 

13.0 

i 10 2 i 78 0 

43 2 ! 

19 5 

: 11.9 ; 38 0 

32 I ; 

28 6 

i 21 5 ' 64 0 

45 6 


Clunicter of lodgo 


C5) 


*' A»»nA irii 

Huft. seiirny, nur-n Hrliint <»n cdgJ 


Vrrv soft rnif»» gchwt 


Ar«/..-Thc hok-R .lr,lk-,l w,Tfi fr,„„ 2 to 4 fl. ,|ep,l,, „vera«inK 3 ft 
h^ tlnal - f- 'i-R RR „,:,„k Zk L th, 

H. P. CUIotto, in las work •■ntitlnl “Hock Kxcavnfion," pveR an »p. 
proximate csiiimte of the rate of proKresH of double hand drilling, tw^ 
■on striking, when drilling a (i-ft. vertical hole, as 7 ft. in 10 hours in 
granite. 1 1 ft. in trap and l(i ft. in limestone. 

Spacing of DriU Holes.— The spacing of drill holes and the quantity of 
rock oosen.Kl per foot of hole an.l jKir pound of dynamite vary greatly 
with the character of rock to he excavated, the strength of thoK»2 
sal. the width of trench and the necessity of loading lightly to protect 
1 1 dnigs and underground structures. Blasting in trenclL requires 
ninth more powder than blasting on the surface, for it is possible to 
provide but one face, and that often a narrow one, towardTh eh to 

N™ H,„, .N 0,*.., 1. hi c, • w C«i,“ 

p. 22.), has covered this subject very clearly. 

..in and depth of the holes, as weU as the amount of tbecharve 

The iXm “"d on the specifications foUotJS’ 

the Khatior of different k.nds of rocks is most confusing -o the fonsnian 
who meets a new formation. In .oft rock and in «slime„ta^ Xk “ 
layers proper y distributed bliuit holes will carry down a tXch with 

»«™"'t'' “"‘I Mtneous rocks are broken out in 
-g r and uncertain lines, often lisisening the dirt cover for many feet 
™ each side of the trench, if not actually filling the trench with such dirt 
Most specifications ri'quirc excavation in rock to be carried to a depth 6 in 
below the bottom of the pipe. I„ «a|im.„t«,y rock in thin U^e^Cwh^n 
a thick layer conics just above the excavation bottom, it is only necXtly to 
drill the olast hol(*« (o the bottom of the desired trench. Kut in tourh mti 

limestones with strata disadvantageously pUMSri*Ub 

fluently necessao- to drill 1 ft. below the trench bottom 
'’"^P'm at least 0 in. Mow the pipe 
The usual practice of placing the holes in a trench is to sp««, them about 
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3 ft. apart longitudinally and tranaversely about the same distance. Thus, 
in a trench 3 ft. wide, two holes are drilled, one on each side of the trench. 
In a trench 6 ft. to 8 ft. wide, three holes would be used, one on each side 
and one in the middle. In a trench 14 ft. wide, in Newark, N. J., five holes 
in each row were used, the distance apart, longitudinally, of the rows being 

4 ft. In soft limestone the author has, for trenches for 6-in. pipeinot over 8 
ft. deep, particularly when only the bottom of the trench was in rock, 
put down a single row of holes in the middle of the trench, but a large amount 
of picking and hammering is always necessary to finish up the work. 

“As to the depth of the hole, the necessity of avoiding accidents, excessive 
noise, and rattling in nearby houses, limits the amount of the charge. 
Usually the depth of the holes is made the same as the distance between the 
holes, although in tough rock the depth can with advantage be made greater 
than that distance. The deeper the holes, the cheaper the work, since 
frequent changing of drilling machines means loss of time. Gillette gives 
the following theoretical table (Table 12) to show the effect of spacing of holes 
upon the ccjst of excavation, tabulating the number of feet of hole drilled 
per cubic yard excavated: 


Tajile 12. — Effect op Spacino of Holes on Cost of Excavation 


apart of holea, ft 111 

2 ! .1 ! 4 1 5 1 6 1 8 j 10 

Cubic yards per foot of hole , . .j ,04 
of hole per cubic yard. ..j27. j 

.15: .33; .69| .93 1 .33 2.37|3.70 
6 8 3.0 ;i.7 1.08 .75 .42] .27 


“8ince drilling costs from 10 cents to 50 cents per linear foot, an unwise 
or unforscen combination of high cost drilling with shallow holes near 
together, may very easily add from SI to S3 to the cost of a cubic yard of 
rock excavation. In loose seamy shale, shallow holes near together are 
necessary to retain the force of the explosion." 

Whore a trench is to be excavated in a stratified rock like limestone, in 
which the strata are practically horizontal, it is well to bear in mind 
the probable necessity of removing practically the whole of the bottom 
stratum although the grade line may come only a few inches below its 
upjier surface. 

From data given in Gillette’s “Rock Excavation— Methods and Cost,” 
Table 13 has been compiled, and by reference to this table it will be 
possible to obtain a very rough idea of current practice in trench ex- 
cavation regarding the spacing of holes, the quantity of rock loosened 
per foot of holes drilhxi, and the quantity of dynamite required per cubic 
yard of rock. One of the authors found in the excavation of rock in 
three trenches, the quantities excavated varying from 110 to 2335 cu. yd., 
that t^ quantity of dynamite required ranged from 1.4 to 1.82 and aver- 
aged 1.58 lb. per cu. yd. of rock removed. He also found that excava- 
tion in a very hard rock in trench required about 2 lb. whereas excava- 
tbn of this same quality of rock in a tunnel required 8.4 lb. of dynamite 
per cubic yard of rock removed. It should be stated, however, that 
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this iuniiel was very small, was so situated that it was not pomible 
^ use deep holes and that it was necessary to load very lightly, 

Tablb 13. — Data Rclatino to Driluno and Blastino or Rocs in 
Tkencmbs (Gillette) 

! * 

Kind of rook 

Granite 

Trap 

Trap 

Soft sandstone. 

Sandstone* . ... 

* 12 ft. deep • 10 ft. deep. * Seamy rock and holes 4 to 0 ft. deep. 

Cleaning Holes. — During the process of drilling water is poured into 
the holes, which tends to hold the rock powder in suspension and forms a 
sludge which must be removed from time to time. This may be done 
by the use of a scraper or “spoon,” made by attaching a semi-cylindrical 
strip of steel to the end of an iron rod about 3/8 or 1/2 in. in diameter. 
The bottom of the cylindrical portion of the spoon should be turned up 
much the same as the })oint of an ordinary tablespoon. Whore such a 
spoon is not available, the broomed end of a round stick of slightly smaller 
diameter than the lower portion of the hole may be dropped into the 
hole and withdrawn, bringing with it a portion of the sludge, which may 
be removed by striking it over a nearby object. 

DRILLINO BY MACHINERY 

Wlien the depth of holes, hardness of rock or quantity of lodge to 
be excavated is such that the economical limitations of hand drilling 
are exceeded, drilling machinery should be used. Of the three different 
types of drilling machines in common use, the rotary or core drill is 
rarely if ever used for the drilling required on ordinary sewer work, 
although it may occasionally be used to advantage for making test 
borings. 

Rotary or Core DrilL — The rotary drill rotates the bit which cuts or 
chips the rock at its base. The more common form is the so-called 
“core drill,” by which an annular hole is cut by the bit, thus leaving in- 
ride the hollow steel a core of the rook which may aftmvard be broken 
off and withdrawn, thus furnishing a sample of the material enoountared. 
There are two types of core drills which are described in Chapter L 

Roc^irocating or Percitsaioii DrUL— *Tbe reciprocating drill has been 
used upon all kinds of rock excavation for many years. It is driven by 


Width 

of 

No. of 

Spool nc 
of row* 

Length of 
dHII hole 

Oynnmite 
per cu yd., 
lb. 

trench. 

hoios 

of holes. 

per ou. 

feet 


feet 

yd . ft 

2i-3 

2 

3 

6 


6 

3 

3 

! 

2 6 

8‘ 

3 

4 

2 53 


! 14» i 

.5 

4 

2.4 

1 

’ 6 1 

^ 3 

3 

4i 

0.65 i 
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Hteain or (!(>ru|)rc«8ed air and w UHcd upon heavy work where hand or 
hammer drilling would not prove economical. It consists essentially 

/ 



Differential Valve Drill . 



Tappet Valve Drill. 




Butterfly Valve Drill. 

J^Q. 33. — Four types of valves for percussion drills. 


of a steam cylinder in which a piston is driven forward and backward by 
the steam. The bit is attached to the lower end of the piston rod, which 
ia rotated on the upward stroke in order that the hole may be drilled 
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round and true. The bit is made to follow the rock as fast as it is cut 
away, by moving the entire cylinder toward the rock by means of a feed 

■ withdraws the bit from the rock at 

k against the rook at each down- 
percussion drill. 

ting drills, differing as to details of 
sed are often distinguished by the 
iteam or air supply, four leading 

K)1 pattern, so arranged that the 
c blow may be governed by the 
ly a short light stroke in starting 

^ , f^reas after a hole is well started in 

go(Ml ledge a powerful blow may be delivered under full steam or air 
prt*Hsure. This tyi>e of valve is desirable on a drill for hard, even rook, 
rwiuiring a heavy blow and high air preasure. 

The tap|)et valve is of th(^ rocker type winch necessitates a full stroke 
of the piston. This ty|)e of valve is u.sed in Ami)aratively soft rocks and 
with moderately low steam or air preasures.* 

The auxiliary valve drill is a combination of the differential and tapi)et 
types, in which the strain to which the tap{)et or rocker is subjected is 
trausft'rred from the nuvi!\ valve to a smaller auxiliary valve. Drills 
with tills vah e are used for general work, whore the rock may vary from 
ver\' hard to ver>' soft and the preasuro of the steam or air may bo 
variable. 

The butterfly valve drill is a later tyjK; than the others, and possesses 
iwlvantagea of both the differential and tappet types, in that the valve is 
]>ositive and instantaneous in action, opens fully at the beginning of the 
stroke, and has small travel and large port openings. 

The size and type of drill to be used dejKjnd upon the hardness of the 
rock and the diameter and depth of holes to 1)0 drilled. For ordinary 
sewer sections where the drills must l>e used in relatively narrow quarters 
it is desirable tliat they be as light as is consistent with the character of 
work they are to jierform. Drills having a cylinder from 2-11/4 to 3-1/4 
in. in diameter and a stroke from fl to 6-1/2 in. in length are commonly 
used. The feed screw operated by hand varies in length in the different 
tyjKis of machine, but may, for ordinary work, be taken at 24 to 30 in. 
The difference in length lietwccn consecutive bits in a siniid® should 
be substantially ec|U.i valent to the lengths of the feed screws. 

In open trench work, drills are commonly operated by steam, in which 
case it is important to have the steam supply pipe of suitable and a 
boiler of ample capacity. For a 3-1/4-in. drill a steam pipe from 100 to 
200 ft. in length should be 1-1 /4 in. in diameter. A lx)Ucr of at least 10 
h.p. should be provided for a drill of this sUe, but if more than one drill ii 
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used, the required horse-power can be obtained by multiplying that 
required for one drill by the constant given in Table 14, which is a part 
of a table prepared by the Ingersoll-Rand Co. i 


Table 14.— Multipliers to be Used in Determinino the Bo^^r 

HoRSE-PfJWER FOR RoCK DrILI^ FROM THE PoWER FOR OnB 


Drills, No 

. . ! 1 i 2 ; 3 i 4 1 5 1 

6 17 1 8' ’ 


10 

Multiplier 

1 01 8 2.7 3.4! 4.1 

4.81^", 6.0 

6.6 

7.1 

Drills, No 

. . 121 15 20 1 25 1 3^ 


70 


Multiplier 

.:8.l'fi.511.713.715^ 


33.2 



The weight of the drill will be approximajpy 300 lb. and the weight of 
the tripod on which it is mounted mJW^rtpproximatcly 250 lb. without 
the weights, which will add about/iOO lb., making the total weight of the 
drill mounted upon its tripod, ready for use, approximately 850 lb. 
The handling of such a drill in a narrow sewer trench is a matter of some 
difficulty and requires considerable time. It is always necessary 
to provide at least 2 men to operate and handle the drill, the drill runner 
and a heli)er. When the dpll must be moved it is usual to call upon a 
third man. In case two or more drills are being used in close proximity 
it may bo iwssiblc to draw the third man from another drill, thus provid- 
ing only 4 men for the operation of two drills. 

Under ordinary conditions the rock pulverized by the drill is carried 
from the hole by water thrown into it and churned by the up-and-down 
motion of the bit. In some cases, however, difficulty is experienced in 
cleaning the hole in this manner, and it is necessary from time to time 
to remove the bit and pump or “gun” out the hole. To meet this 
difficulty a drill has been placed upon the market which has a water 
tube loading through the rotating screw, the piston and piston rod and 
communicating with the hole in a hollow steel bit. By attaching a 
water hose to a fitting at the top of the drill, a supply of water can be 
forced through the machine and bit, thus providing a constant flow of 
water to the bottom of the hole, from which it rises around the bit, 
carrying with it the rock dust, and overflows at the surface, thus freeing 
the hole of sludge. This device is said to be particularly useful for 
horizontal or up holes required for tunnel work. It is also claimed that 
compressed air can be forced through this inner tube and drill, thus 
blowing the rock dust out of the hole in a manner similar to that attend- 
ing the use of the ordinary hammer drill. This method of ejecting the 
dust is said to be effective to a depth of about 8 ft. 

For ^cavating rock in tunnel headings, it is usually more oonvenient 
to mount the drill upon a mining column or shaft or stoping bar, 
upon a tripod. The columns are braced or jacked against the ro<^ in a 
horizontal, vertical or other position. The drill mounted upon the 
column may be slid along to the desired position and rotated about the 





F^a, 34,^Drill on column in rock tunnel for sewer. Fia. 35. —Wheeled trench drill (Sullivan) 







column in imy <&oct;i 0 n. Ik Kg. 34 the drill » shown m flftOttnledtt|M)n 
an adjustable amv, onto and from which it ean be moved after rimjily 
sladdng off two hubs. This view was taken in a sewer tunnel in Woe- 
a*, Mass. 

I^n ordinary sewer work where the number of drills employed is 
[Small, it is more common to provide steam than oompreesed 
air for happens, also, that other machines 

are operateal^*l|be same boiler, so that furnishing power for the drill b 
only one of the conniptions entering into the problem of the selection 
of the power plant. COT^mressed air, however, has some advantages ovttp 
steam, perhaps the mostwnportant being its greater elasticity, if the 
word may be permitted, wlliln^uses the air drills to operate in a more 
snappy and efficient manner thab^hose driven by steam. Another 
consideration is that the rubber hose connecting the supply main with the 
drills will last much longer in the case (I air, and that there is somewhat 
less danger of injury to the workmen iiLsase the hose bursts or the con- 
nection of the hose with the drill i8\|own out. Furthermore, the 
escape of steam from leaking joints, and tl\ exhaust itself, in many cases 
causes discomfort and hinders the work oflhe men. There is also con- 
siderable loss of power, due to the eondefmtion of steam, especially in 
cold weather and where long pipe lines are required. Better lubrication b 
possible when the drills are operated? by air as the steam seems to wash tho 
oil out of the cylinder. 


Table 15. — Information Concerning Drills (Sullivan) SmTABLV WMI 
Ordinary Sewer Work 


Diameter of cylinder, in 

2| 

31 

31 

Length of stroke, in 

Length of feed (depth drilled without change 

51 


7 

ing steel), inches 

22 

24 

24 

Depth of hole machine will drill easily, feet .i 

11 

18 

20 

Diameter of hole that may be drilled, in 

lh2 

lh21 

IH 

Size of drill steel, in 

No. of pieces in set of st^el to drill holes to 

i-H 

IHI 

IHI 

depth above stated 

6 

0 

10 , 

Diameter of steam inlet, in 

! 

1 

J 

Size of hose to connect to drill, in 

Size of steam pipe to cany steam 100 to 200 

1 

' i 

U ^ 

feet, in 

1 

11 

i| 

Size of boiler to supply steam for one drill, b.p. 

8 

10 

12 

Weight of drill unmounted, lb 

162 

205 

325 

Standard size of drill shank, in 

1X6| 

UX7| 

11X71 

Weight of tripod only, lb 

215 

240 

370 

Weight of tripod weii^ts. lb 

305 1 

310 

400 


The use of compressed air for operating drilb in tunneb and vsiy df^ 
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HhaftM iH ftlmoHt a nnoessity, although the authors have driven a short 
tunnel with steam drills, the exhaust being piped back to the outside 
air and (iare being taken to prevent leaky joints. Aside from the fac^ 
that less disexunfort on account of high temperature is caused where ^jr 
is UH<*d, the exhaust from the drill furnishes ventilation for the headh^, 
which is a ver^’ im|Kjrtiint point. It also makes it jjossible, bytj|p*'i!ffg on 
the air from a valve at th(‘ shaft, to blow out the tunneuif^lasting, 
thus fjuickly removing th(* ol)noxious gjtses. 

Information conc(‘rning the dimensions, w'cigfi^d operating condi- 
tions of fx'rcussion drills of the tyrx* suitable ^rdinari^ sew'er trench- 
ing and tunneling is given in Table J5. J 
Wheeled Trench DriUs.— I'pnn work, notably upon 

some sower work in Havana, Cul^rilks and stca.n boilers have been 




Fio. 30 -Klectric-air drill (Ingers(.ll-K;ind} 


mounted on the same trucks. Fig, 35, and run over the trench in which 
the drilling was to be done. When the drill is in the proper imsition, the 
rear of the truck is jacked u]) from the ground so that the jacks may take 
Up the strains and vibration. This inachine is intended to save much 
of the labor reriuired to set up and move a drill mounted on a triiiod and 
b) bo a machine which can l>c easily moved about. The drill is 
mounted upon a bar along which it can be moved a distance of about 3 
ft. and about which it can be revolved so that holes may be drilled 
obliquely as well as vertically. This machine is adapted for trenches 
from 2 to 5 ft. in width. 

Electric-ai- DrilL—The dectric-air drill. Fig. 36, is driven by com- 
I>reas^ lur furnished by a pulsator. This pulsator is geared to an 
electric motor, using either direct or alternating current, and both 
arc mounted on a small truck for eiise in handling. The air is never 
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exhausted in this pulsator, but is sim];dy used over and over again, 
moving back and forth in a closed circuit. The pulsator requires no 
intake or discharge valve or water-jackets. This drill may well be used 
where electric power is available and is cheaper than air or steam power on 
acc( unt of high fuel cost, and where high altitudes impair the efficiency 
of the o.’'li»iary air coniprotssor and when' pi[M* lines would l>e objection- 
able. Part of the rock drill- 
ing at the Kerisiro dam of the Jj!| j 

Catvskill water supply f.'r New ll m / ! 

York was done by these a.-ills. 

Hammer Drills.— The ham- \ ^7 if i' 

mer drill is a relatively new ^ y V ’ ' I / 

invention, having come into 

general use since IIKX), With ^ L-J \ T I'S^'ir / |k* 

it the bit remains at the bot- ^ ' I / 

tom of the hole in contact / 

with the rock, instead of n'* J ^ ^ f l, / ^ 

ciprocating with the piston at V V -S/ r" 

each stroke, as in the cjise of " /' 

the reciprocating drill. The f 

piston, or Iminrner, slrikw the J 'j j < / NK 
upper end of the l)it, which is ^ A 

rotated either by turning the \ il ^ jl W /'/ y 
drill by hand or automatically ’ ^11 ^ f 4/ 

by a mechanical device. l\ ' / A I 

The advantages of the '' ^ A \ 

hammer drill over the recij>- ^ ^ 

ro(yiling drill art that it is 

light, can l>e readily handled ; 

by one man and re(iuires no ^ ' ,, 

, ‘ . J'lo. .17. — Jackhammer drill (Ingersoll- 

tnpod or other mounting, as Itand). 

shown in Fig. 37, It is par- 
ticularly serviceable in narrow' trench(*s where it is difficult to handle the 
reciprocating tripod drill. Holtts may be drilleil with this machine in 
any direction. There is considerable saving in time in clianging bite, 
as with the hammer drill it is simply necessar}' to lift off the machine, 
take out the drill and replace it with a new one, replacing the machine 
on the new bit; w'hile with the reciprocating drill it is necessary to crank 
back the feed screw, withdrawing the bit from the hole, remove the 
bit from the chuck, place the new bit, and finally turn down the feed 


if] 




Fni. .37. — Jackhammer drill (Ingersoll- 
liand). 


screw' to bring the bit to the required |Kwition. 

This drill occupies a sort of middle place between the double-hand 
drill and the reciprocating drill, superseding each under many conditions. 
The double-hand drill will still be used when there is insufficient driUing 
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to be dime to warrant providing an air oompressor for (grating power 
drills, but where such a machine is available there appears to be little 
field left for the hand drills. Similarly the reciprocating drill has been 
repla^ u^n work too heavy for hand drilling and yet within the 
practical limits of the hammer drill. Where power Is available the 
hammer drill nmy bo used advantageously for block-holing to break 
boulders, for trimming small outcroppings of ledge, and for following 
up reciprocating drills where shallow holes are required. 

Several siaes of hammer drills are commonly used upon construction 
work, the lightest weighing from 20 to 25 lb., being capable of drilling 
holes to about 4 ft. in depth large enough for 7/8-in. powder, and the 
heariest, weighing from 30 to 50 lb., capable of drilling holes large enough 
for 1-1 /4-in. powder and to about 6 ft. in depth. The valve is so at^ 
ranged as to be opened when pressure is exerted on the handle of the 
drill. When this pressure is released the valve is automatically closed. 

The piston, or hammer, in the tyi)e shown in Pig. 38, rises and falls 
with the corresponding admission of compressed air to the cylinder, 
imparting to the top or head of the drill a sharp blow each time it falls. 
This type of drill depends upon the admission of exhaust air to the hole 
passing through the bit for blowing the dust and mud out of the drill- 
hole. A valve is provided, by means of which the operator can regulate 
the quantity of exhaust air admitted to the hole, so that when drilling 
shallow holes the quantity admitted may be relatively small, but when 
drilling deep holes a relatively large supply of air can be used. 

The two obje^jtions to this type of drill are the vibration imparted 
to the operator and the quantity of dust thrown into the air, which 
may have some effect on the health of a ]>erson operating one of these 
drills continuously. The former objection is met in part by cushioning, 
thus reducing as much as practicable the vibration imparted to the 
ojwator. The second objection is met in part by providing for the ad- 
mission of water to lay the dust. This is particularly useful in tunnel 
work but is not ordinarily attempted in open trench drilling. 

The hammer drill has been adapted for some grades of tunnel work by 
mounting it on the upper end of a hollow steel cylinder provided at the 
bottom with a point to hold it securely in position, Fig. 39. A feed 
plunger moves backward and forward in the cyUnder, being actuated by 
compressed air admitted to the cyhnder through the throttle valve. 
When the throttle is slightly opened, air is admitted to the feed cylinder 
thus forcing the drill out until the bit comes in contact with the rook. 
Upon opening the valve further the air is admitted to the operating 
cylinder and the drill set in motion. The pressure of air in the feed 
cylinder holds the drill constantly in contact with the rock, even when 
drilling overhead. The feed cylinder b about 2 ft. in length. The drill 
b rotated by moving the rotating handle backward and forward about a 
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(ju/irtcT of a turn. When the hole has been drilled to the required depth, 
the throttle is closed, thus releasing the air in the feed cylinder and allow- 
ing the drill to recede slowly from the hole. 

In Table 16 are given the cylinder diameters, weights, etc., of several 
typ(^s of hammer drills, the figures being taken from various bulletins 
of th(' Jngersoll-Rand Co. Th(' table also gives the amount of free air 
re(|iiired to run drills of several types and at different gage pressures. 
'I'lu'se figures have been d(*termined by tests made from time to time 
with these drills. 

As with the reciprocatingdrills, the fpiantity of air najuiretl to operate 
a battery of drills is not j>roportional to the number at all times, as some 
of the drills are running slowly or are shut down, while others are running 
at full speed. The quantity of air required to run from 1 to 70 of these 
drills may be obtained by using the multipliers given in Table 10. 


Taulk It) -lUMexMiovK, Pkukohmanck and Air Hkquirements of 
Hammer Drills (Inoersoll-Rand) 



A 

R 

C 

I) 

E 

Cylinder dmin., inclK^s 

U 

liV A lU 

lA A lU 

2 

2} 

Sirokc, iiiflics 

21 

21 

2i 

r, 

2 

D'ligth over nil, inelu's 

171 

15 

15 

17J 

18 

Di'pth of liolo, iiielies 

6 

48 

4S 

72 

144 

Weight of (irill, lb 

21 

22 

30 

29 or 34 

40 

Size of jur inlet, ineheh 

' 1 

1 

3 

it 

.3 

4 

i 

Size of shank, inches 


Ixs 

1X3 

IXlil 

2X31 

Starter bit. 12-in runs 

; hi : 

li’« 

lA 

IJ j 

2i 

Last bit 

1 

lA : 

lA 

1 

11 

Air per inin jier drill, eu ft. 
Cage press., 60 lb 

i 

12 

12 

30 

37 

(lagc prc'ss . 70 lb 

21 

1 15 

15 

i 35 

i 43 

Cage press., 80 lb. 

25 

1 19 

19 

; 39 

^ 49 

Cage press , iM) Ih 

30 

i 23 

23 

1 44 

55 

Cage pmss , 100 lb . , . . 

. 35 

27 

27 

48 

' 62 


Practical Limitations to the Several Methods of Drilling. — Single 
hand drilling i.s not used to a great extent in the excavation of ordi- 
nary sewer trenehe.s. It i.s occasionally useful, however, in cracking 
boulders, and it may po.ssibly be used to a limited e.xtent where the 
ledge lies in strata in a wide trench, and Ls of such a nature that it 
can be split off readily by methods ordinarily used in quarrying. This 
method of drilling may in some cases be extended to holes from 3 to 
5 ft. in de^h, but such cascvS are exceptional. 

Double hand drilling is commonly used where the holes are not to 
be deep, say from 1 to 3 ft., or where the total quantity of ledge to be 
excavaUni is relatively small, thus making it inadvisable to provide a 
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power drilling plant. This method is also used in connection with 
the reciprocating drill for drilling the odds and ends of ledge wht^re 
too much time would be consumed in moving the drill. It is generally 
not wise to attempt drilling holes more than 4 or 5 ft. in depth by 
this method, although if necessary they may be drilled to a depth of 
10 to 15 ft. by the use of heavy hammers. 

The hammer drill has changed materially the limit to which double 
hand drilling can ordinarily be cArried with economy. This drill is not 
in itself particularly exiK‘nsive and does not nnjuire an exp<*n8ive ]>ower 
plant. Consequently, it is Inniig uwd extensively for the drilling of 
shallow holes which formerly were drilled by the double hand method. 
Formerly it was usually wise to change from double hand drilling to 
steam or air drilling where the holes beeanie from 2-1 /2 to 4 ft. d(*ej) and 
the quantity of ledge to be exeavafed was larg<* enough to warrant the use 
of such machinery. With tin* jMMisibility of using the hammer drill, the 
older t yt>e of steam drill din's not come into usi' except upon deep holes or 
holes in verj' hard ledge. 

The length of iioh's \\hieh may be drilh'd with the hammer drill 
depends upon the eharae.ter of the rock. Upon very hard rocks, occa- 
sionally a progre.s8 of not more than 1 ft- an hour, on the* average, can 
be made, but in ordiiiury rocks a progres-s of from 3 to 5 ft. j)er hour 
may be exi>ect(‘d. 

Uix)n sc'wcr excavation in Hcqs'dale, Mass., where the quartrato en- 
(!()unt(‘red is extremely hard, the rates of j)r()gress w'ith hammer and 
tripod drills are gi on in Table 17, which contains a record of several 
weeks continuous u.se of drills. 


Taul?; 17.— Ratks of Prookkms per Day of 9 Hours or Steam and 
Hammer Drili.8 Woukino in Very Hard Quartzite .\t Hopedale, 
Makh., 19ia 


Tv|M' of <lnll 

\ VK raU' 

.Mux 1 

Min raUt 

Hammer dnll 

l."> 2 ft. 

IH ft. 

13 ft. 

Hammer (irill . . 

16 2 ft. 

19 ft. 

14 ft. 

Tripod drill 

Uy 7 ft. 

i 24 ft. ; 

12 ft. 

Tripod drill 

13.4 ft. 

! 19 ft. 

10 ft. 

Tripod drill 

19 3 ft. 

^ 24 ft. i 

15 ft. 

Tripod drill. 

17.2 ft. 

* 20 ft. 

14 ft. 


It will Ikj seen that the minimum rate for the tripod flrill was as low as 
10 ft. and for the liammer drill 13 ft. per day of 9 hours, wliilo the maxi- 
mum rates were 24 and 19 ft. resjioctively. The average rates obtained 
by the use of hammer drills were practically the same as those of the 
tripod drills. It should be taken into consideration, however, that the 
tripod drills were put upon the hard steady drilling while the hammer 
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drilU were used for the shallower and less diifioult holes. This arrange- 
ment doubtless tended to equalize the output of the two types of 
machine; each proving economical upon its class of work. 

DRILL BITS 

The drill bits used with the reciprocating drill are made of round or 
hexagonal steel with points of many shapes. The drill bits in a set vary 
in length progressively ordinarily by intervals of 24 in., although these 
intervals are dependent upon the length of the feed screw and may vary 
according to the drill selected. The bits used with the hammer drill are 
made of hollow steel, the so-called six-point rose bit being commonly 
used upon construction work. The drill bits required for the hammer 
drill vary in length progressively by intervals of 12 in. 

An instructive article by T. H. Proske, printed in Mining and Scien- 
tific Press, March 5, IJllO, gives many practical points of value regarding 
the 8haj)e and sharjK'ning of drill bits, for both reciprocating and 
hammer drills. The following quotation is from this article: 

“Tlie success of almtwt every drilling operation depends on the selection 
and treatment of the bits. Too much attention cannot be given this impor- 
tant part of the work. If the bits have been properly formed, sharpened and 
tompt»red for the work, and if they are changed just as soon as their edges 
and gages are worn, the result will be found to be most economical. 

“F'or the guidance of those unfamiliar with the forms of drill bits used 
in the different sections, I have prepared a few drawings of those in use. 
A, Fig. 40, represents the square cross-bit adopted as the standard for 
American mining practice. It is made from either round, octagon or cruci- 
form steel. The rt'oson for the adoption of this form of bit as a standard 
will be appreciated when the three requirements of a rock-drill bit are re- 
called. These are ‘to chisel out a hole in the rock,' ‘to keep this hole round 
and free frtmi rifles,’ and ‘to mud freely.’ There is really a fourth require- 
ment, which is ‘to do as much drilling as possible before being re-sharpened.’ 

"The different kinds of rock to be drilled affect the wear of the bit. 
Very hard rock will blunt the chisel and reaming edges. The softer rocks 
do not blunt these edges, but wear the outer sides so that it loses its gage 
and s<ie, still appearing to be quite sharp. For this reason a bit that is 
made with a square edge and a clearance angle of 8 deg. will drill about 
four times as long in soft rock as a bit with round edges and a clearance 
angle of 16 deg., before being reduced to the sise of the next bit that is to 
follow. Referring to A and B, Fig. 40, the latter being a round-edge bit 
with a clearance angle of 16 deg., it will be seen that in A the comers of the 
bit at tbse^ base of the bevel describe a circle that is equal to the circle 
that the chisel edges describe. This is as it should be, as it is impossible 
for the chisel edge to cut out all of the rock. The reaming edge, which is 
that part of the bit extending from the chisel edge to the base of the bevel, 
marked a in both A and B, must ream the outer edge of the hole and keep it 
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Ficu 40. — Different types of drill bits (Proske). 
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round and free from rifles. In B it will be noted that the circle describe 
l)y the corners of the bit at the base of the })evel is much smaller than tl 
circle described by the chisel ed^es. This causes an excess of wear on tl 
corners of the chisel odRes, the bit rapidly loses its gage, as well as i 
efficiency, and it is almost impossibh- to kwp the hole round. Rifles forn 
and these* cause the rotating parts of the drilling machine to break ofte 
resulting in the loss of the hole. 

The angle of the bevel of the face of the bit has to do with its life as we 
a* W.II. tho pro,>orty„f fr.-ly. It is generally accepted that ; 

thw angle he 90 deg. it gives strength and permits the hit tn ‘mud ’ or throi 
hack the cuttings from the face of the hit when the drill is pointed downward 
Another reason why bits such as is shown in A are preferable to thos 
.1 ust^rated hy It is that having a long wing they are strmiger and will no 
break so readily as does a shorf bif. 

eni'iMv f '"rl"’" " " "‘K* »'•<’ devote, 

:!'r ‘‘'''''"■'K <'»■ hole round and free from rifles 

1 he llruiil.m hit is shown in I). The ohject of this hit is to ohtair 
advan ages ,>f the .\-hit uithout the attendant difficulties of rc-sharpem 

half turn he ore the cutting eiiges will strike it, the satne place n secotid time 
It IS as easily re-sharpened as t he regular s.piare ero.ss hit 

•mJ 7r >'‘«<’1>'>'<‘-Sharpene.l 

< ross lilt elfectiially accomjilishes. ^ 

shows what is commonly termed the higli-eenter hit. 'J'his was for 

.hi: hirr''’"''' ":*■ ”7'’'" -f *'"•'> 

the ™ ‘"'"‘"''‘'"''I.'' "‘“kiog <*» impression on the rock, 

r smrhnl 0 ""7 f'*"- "'"‘ing. F.,; 

starting hit m hammer machines it has no equal. Here, however its 

It IS linblt to f„ |„w si, (IS and seams m the rock, causing crooked holes which 
re sometimes lost before being finished. This the s.iuare hit will not do 

a fM ‘■'■""'K 1 !'<• «Tners break up the rock in advance of the center 

and leave little for the center to do; this eau.ses the corners to wttiTilt 

on the drilling machine. The weak point of this form is that the t™ 
hard. ‘to 

“H shows the roun.|.edgc hit, which is a favorite with some. In soft 

i^tre trno*::';,!::: " 

‘“nie-r-bit shown in 1 gives the advantage of plenty of room for the 
fora ^ ^ Powor-sharpener it can he made as easUy as any other 
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“J shows the ‘six-wing rosette’ bit. It is used in hammer drills only. 
Of all the rosette forms of hits this has l>een found to be the mtsit satisfactory. 

“K shows the square cross bits when made up for hammer drills where a 
hole for the introduction of air or water to remove the cuttings apexes at a 
point back from the bevel of the bit in one of the recesses between the wings. 

“L shows the same form where the hole ends in the center of the cross of the 
cutting edges. This fonn of bit is extensively usetl. Its faults are that a 
c»)re is forinei! by this hole; this core fills the hole, and causes a stoppage of 
air and water. These cores have bivn known to liecorne as much as 8 in. 
long and are quite difficult to remove. To clear them away the pore must 
be burned out by lieating the steid the full length of the com in a slow fire; 
sometimes a slow and tedious process. This difficulty is entirely overcome 
by the use of the bit shown in K. 

“The Z-l)it, M, is extensively 
u.Hod in (icnnany. In hammer drill- 
ing machines, the steel is formed 
in bars having a Z shape While 
I show this bar straight, it is u.su- 
ally twisted to form a spiral. It 
i.s an easy matter to f(»rm a Z- 
bit on the end of such a bar. The 
H’sults obtained are exeellent. 

Holes to a depth of If} ft. hori 
xontal have be<*n drilled with this 
form of steel, 'fhe spiral draws 
out the cuttings much the .same as 
an auger. 

“After a bit ha.< l»een forged, it 
should be properly tempered as in Fio. 41 —Bit tempering tank 
N. 0 shows the result of the 

common method of tempering. The center of fhe bit is soft, wliile the cor- 
ners are hard. When the bit is iminen«*d in the water about an inch, the 
large mass of metal in the eenb*r cools more slowly than the comers since 
the comers have tlirei' sides expo.se<l to the water. Perhaps the center 
has not chilled at all when the bit is withdrawn for annealing, and the final 
result is a soft-eenfer bit, which will flatten and retard the work of drilling. 
P and il show the rtisult of trying temper the bit with the forging heat, 
by plunging the w hole bit into the water as soon as it is sharpened. The 
line of tension induced by cinding i.s indicated. At this place the drill 
will break. H shows the checking cauwd by first chilling the steel back of 
the bit and flien plunging with the forging heat. 

“For the purptise of tempering a bit as shown in N a tank should be pro- 
vided. such as shown in section in Fig. 41. This should be about 12 in. 
df,“ep by 12 in, wide, and of sufficient length to accommodate whatever num- 
ber of drills arc to be sharpened in a day with the machine. The water inlet 
should be at the bottom, and theoutiet should lie placed about 3/4 in. above a 
grate, which itself simuld l>e about 8 in, almvc the bottom. This permits 
the bit to lie immersed to a depth of about 3/4 in. With a tempering tank of 
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t!iw conalruction the hit can be hardened to any desired degree. This 
depends on the temperature of the hit when placed on the grate. It is 
essential that the drill stand in a vertical position. To lean either way 
would cause it to harden to a greater depth on one side than on the other, 
causing a tension that might load to breaking of the wings. It is best to 
provide a rail around the tjink about the distance required to hold the short- 
est drill, and to drive pins about 3 in. apart in this rail. By placing the drills 
between these pegs they can be kept in a vertical position. When using this 
tank a Kinall flow sufficient to displace the water heated by the cooling of 
the bits should be turned on to keep the supply always cool.” 



li(}. 12.— Leyncr drill sharpener (Ingersoll-Kand). 


Drill Sharpeners. — The recent advances made in the manufacture 
of rock drills arc no more important than those, made in the art of 
sharpening drills. Perhaps the greatest advance in this direction is 
the invention of drill-shariHuiing machines, in which the bits are fonned 
in exact accordance with pro-determined designs. All bits made in 
machines^ are uniform in shape and size. The use of sharpeners has 
resulted in a great reduction in cost of sharpening. In an annual 
report, Inatthew (lault, Supt»rintendcnt of the Sew'er Department of 
Worcester, Mass., statea that the cast of drill sharpening has been re- 
duced two-thirds by the use of a Ley ner drill sharpener. In spite of these 
advantages, how e\er, it is important not to lose sight of the great impor- 
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tauoe of proper tempeiii^, which is probably the most essential part of 
the blacksmith’s work, especially where rock of a great range of hard- 
ness, requiring differently tempered bits, is encounterd, as in soma 
New England cities. 

The Leyner diill sharpener is typical of such machines. The bit 
is formed enlirely within a split conical die, Fig. 42, by a properly 
shaped dolly. The machine, is shown with a bit clamped in 
the sharpener just after the bit has been formed and the dolly withdrawn. 
This sharpener is operated entirely by compresswi air. 

The top of the sharpener consists of a heavy clamp, which holds the 
die and bit, and a hammer, which is built like a small rock drill and has 
the dolly held horizontally, as shown in the illustration. The clamping 
jwrtion of the device consists of a support, A; a clamping head, B; and a 
yoke, C. Inside of A and B there is a large differential piston, the head 
within B being much the larger and receiving the air pressure on its 
upper surface. T wo stw*! rods ri.so from this piston through the clamping 
head and yoke C, to which they are attached. If the handle D is 
turned in one dirt*ction, the air priissure is admitted to the top of the 
large end of the ]>iston, holding the die and st<HJl firmly, as shown; if the 
handle is turned the other way the air pressure is admitted below the 
small end oi the piston and the yoke is raised. 

The hammer cylinder, which resembles the ordinary rook drill cylinder, 
contains a fre<*Iy moving hiimnmr the front end of which travels in two 
steel bushings ond strikes on the shank end of the dolly, resting in a 
forged stwl guide; flange. The hammer cylinder travels in a guide 
shell and may lx; fed backward and forward by means of a screw, thus 
enabling the operator to change dollies quickly. To do this the clamp 
lx)lt8 are loosened, the cylinder cranketi back, the dolly changed and the 
cylinder returned to the proper fHJsition and roclam|x;d. The sharpener 
may lx; used to form and sharpen pins, drill sUk;! shanks, bolt and rivet 
heads and drill bits of any design. 

COMPRESSED AIR 

Useful information relating t-o compre8s<Hi air and its use in reciprocat- 
ing drills is given in Tables 18 and 19, prepared by thelngersoll-Itand Co., 
which gives the following explanation of them: 

tables will determine the amount of free air required to operate rock 
drills at various altitudes with air at given pressures. The tables have been 
compiled from a review of a wide experience and from tests run on drills of 
various sixes. They are intended for fair conditions in ordinary hard rock, 
but owing to varying conditions it is impossible to make any guarantee 
without a full knowledge of existing conditions. In sc»ft material, where the 
actual time of drilling is short, more drilli can be run with a given aised com* 
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prP8«or than when working in hard material, when the drills would be work- 
ing rontinuouHly for a longer period, thereby increasing the chance of all the 
drills operating at tlie same time. In tunnel work, where the rock is hard, 
it has li(!en the experience that more rapi<l progress has been made when the 
drills wen^ operated under a high air jiressurc, and it has been found profit- 
able to provide compressor capacity about 25 per cent, in excess of require- 
ments. There is also a distinct advantage in having a compressor of larger 
capacity, in that it saves the troubh; and expense of moving the compressor 
as the work progresses, and will not interfere with the work of driving the 
tunnel. No allowance has been made in the tables for loss due to leaky 
pipes, or for transmission loss due to friction; but the capacities given are 
merely the displacement required, so that when selecting a compressor for 
the work required these inatti'rs must be taken into account.’' 


7\hlk 1H. — CuuK’ Fkkt of Free Aik fer Minute Required to Run 
One Recii’kouatino Dkii.i. ok the Size and at the Pressure Statf.d, 

AT Sea Level (Ingersoll-Rand) 
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50 

00 
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82 

90 

95 

97 
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70 

1 

08 
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93 
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80 

03 

70 

80 

104 
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143 ; 

104 

190 
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90 

70 

84 

95 

115 

120 , 

133 

130 

141 

152, 

159 

182 

210' 

230 

100 

i 77 

92 

lot 

120 

138 

140 

149, 

l.')4 

100 ; 

174 

199 

240 

252 


Transmission of Compressed Air. — An important jiart of the instal- 
lation of an air drilling outfit is the seh^ction and laying of the com- 
pressed air line. It is important to jiroviile air mains of sufficient size 
HO that tlu‘ working jiressure will not fall too low. There is not the 
loss in ]R)wer, dm* to reduction in i>rcsaure, wdiich at first thought might 
be (‘X})ect(‘d, as with a reduction in pressure there is an increase in volume. 
The information given in Tables 20 and 21, prepared by the Sullivan 
Machiner}' (\)., gives the loss due to friction in pipes 100 ft. in length, 
for different diameters of pipe and volumes of air, the initial or compressor 
pressure being 90 and 100 lb. per square inch, respectively. To ascertain 
the 1(»S8 in pressure at the drill, the loss in 100 ft. should be multiplied 
by the length of pijH* in units of 100 ft. 

Air Cooling and Reheating. — In an extensive line of air piping, it 
is ver>' im|>ortant that the air be kept dr>’, otherwise the freezing of the 
condensation from the air will cause damage to the pipes and drills. The 
amount of moisture that can be carried in suspension by the air increases 
with rise of terajierature. The “ aftercooler” is an instrument for lower- 
ing the tenifioraturc of air, thus precipitating the moisture and reducing 
the liability of frizzing. It consists of a steel shell containing steel 
tubes through which the air is conducted. Cold water enters the cooler 
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at one end, surrounding the air lulws completely, and leaves the cooler 
Hi the other end. It is cssentinl that the aftercooler be placed as near 
the compressor as possible. 

It is sometimes desirable to remove the moisture from the air at the 
end of th(! j)ij)e line. For this purpose a combined water trap and 
separator is used. It consists of a east-iron tank with inlet and outlet 
openings, and a number of baffles against which the air strikes, causing 
a ohecking of its velocity whifdi rtwults in the moisture entrained in 
the air becoming c(»llected on the baffles, whence it drips off. There 
is a stoj) cock tlirough which th(‘ accumulated water is forced out by air 



1m(j. 4‘t -Portable air compressor (Abenaque) 


pri^ssurc. The aj)paratus is similar to the steam 8e])arator in design 
and op(‘ration. 

Wiien tlu‘ compress(^d air has reached the point where it is to be used, 
it having los^ its heat of compi-mion in transmission or by jiftercooling 
devices, a large sjiviug may often be effected by raising its temperature 
again befon' it is used. For this purpose a reheater is employed, which 
should be plac(>d ivs luair the drills as possible. As the air passes through 
this reheater it expands in volume about 30 to 35 per cent., thus 
increasing its working capacity proportionally. There are many types of 
these reheaters, ranging from an open fire over which a rude coil of 
pilK' is kept hot, to an elalmrate device like a cast-iron house heater, 
except that air circulates through it instead of water or steam. 

Portable Air Compressors. — There are several makes of portable air 
compressors for use in drilling rock in pipe trenches, in highway 
oonstructetm, blo(.k-holiug in stone quarries and other places where the 
rook is too scattered or too smidl in quantity to warrant the use of a 
fixed compressor and drill plant. These outfits consist of a compressor 
driven usually by a gasoline en^ne, the whole mounted on a wagon 
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truok as shown in Fig. 43. If the outfit is to lie hauled only a short 
distance, a sufficient number of men can usually Ikj taken from the 
trench and the truck hauled by hand, thus sa>ing the exjKinse of horses. 
Table 22 gives the general ilimensions of the outfits of this class made 
by the Sullivan Machinery Co. 


Table 22. — General Dimensio.vs of Sullivan Portable Comphehhors 


Displacement capacity, cu. ft. per 

1,') h p. 


min , . 

fl.'i 

112 

Terminal air prcAsuri', Ih 

Diameter of gasoline engine evim- 

W) 

100 

dcr, in. 

Stroke of ga.solme engine cylinder. 

71 

71 

in. 

Diameter of compressor cyhnrlcr, 

<1 

lOi 

in. 

K 

H 

Str(»ke of compressor cylinder, m 

10 

10 

Main air nveiver, in 

(liu. 10, length 00 

dia. 10, length 00 

Capacity of gasoline tank, gal 

20 

20 

.Auxiliary starting receiver, in 

dia. 12, length 00 


Fnint truck wheels, in 

dia. 30, face 5 

dia. 30, faee 5 

Hear truck wheels, in 

dia. 44, face h 

dia. 44, face 5 

Track gage 

4 ft. H in. 

4 ft, H in. 

Axles, center to center 

H ft, 0 in. 

8 ft. 6 in. 

Ixuigth over all, witli p<i!e 

22 ft. 0 in. 

23 ft. 0 in. 

D'ngth overall, without pole 

11 ft. 0 in. 

I 12 ft. 6 in. 

Width over all 

0 ft. 0 in. 

1 0 ft. 0 in. 

Height (»ver all 

Total net W(*ight, including pole 

0 ft. 4 in. 

Oft. 11 in. 

and tools . 

' OKK) lb. 

7m) lb. 


H a n dli n g Rock. — Where inaehiner)’^ is instalhNl for trc^nch excavation, 
the rock can be handled in much the Hanie way tis earth, except tliat 
large masses may l)o removed by chains w’itliout the use of buckets. 
Where rock is handUnl in this way great care must be taken to insure 
the safety of the laborers below, and to prevent knocking out any of 
the trench bracing. 

Where machinerj' is not installed the rock in shallow trenches may be 
thnjwm out by hand. This necessitates breaking it up into compara- 
tively small pieces, either by secondary blasting or by the use of heavy 
sledges. For deeper trenches, a hand tri|KKl derrick will be found use- 
ful, while, where considerable quantities of rock arc to be handled 
from a comparatively deep trench, a portable stiff-legged derrick 
mounted on wheels and operated by steam hoist will generally be found 
to be economical. 
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Whenever rock u used in backfilling it should be mixed with earth 

Bhould always be excavated sufficiently Mow the sewer, 6 in more or 

“ *“>■“ of sand or gravel to prevent 
locahxation of stress and resulting injury to the structure unless the 
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EXPLOSIVES AND BLASTING 

Most rock excavation connected with sewer construction roust be 
done in trench or in tunnel. In l>oth cases the rock is firmly bound in 
place by the surrounding ledge, making it necessar}-^ to blast it out by the 
use of relatively greater quantities of explosives than are required for 
loosening corrcsi)onding quantities of rock in a quarry or on the surface 
of the ground. It is only rarely that rock can or need l)e quarried with 
the intent of producing stone suitable for building purj>oscR, indeed it is 
generally desirable to shatter the stone as much as practicable to render 
its excavation easy and also to leave it suitable for refilling the trench. 

Trenches for sewers are often so located that extreme care must Imj 
taken to prevent the injury of water pipes, conduits, and neighboring 
buildings and other subsurface and surface structures. This necessitates 
the use of small (quantities of oxpl<Ksives, the firing of relatively few holes 
at one time, the use of shallow hoU^s and most careful and effective cover- 
ing of the blast to priwcut the escajw of flying fragments of stone. 

The conditions surrounding the excavation of rock in sewer trenches 
and tunnels are such t hat it is important to give partioiilar attention to 
the selection of materials and methods to be used in drilling and blasting, 
a matter of much importance in all rook excavation. 

Dynamite is the exphjsive now most commonly used on sewer excava- 
tion, although gunpowder, or black qwwder, and contractor's jwwder are 
sometimes used, espocdully for breaking down frozen earth, for quarrying 
stone which may be readily spilt out and for cracking Iwuldcrs and large 
pieties of ledge rock. The disruptive and shattering effects of an explo- 
sion are due to the instantaneous generation in a restricted chamber of 
large volumes of gases at high temperatures. ICxplosives are either 
solid, likegunfwwder, or liquid like nitroglycerin, in either of which forms 
they occu]>y relatively little space. The gases generated from their 
combustion, however, tend to occupy a very large space and when 
generated in restricted space, as in blasting, the compression of those 
gases is so great as to cause the disruption and shattering of the rock 
surrounding the enclosing chamber. The power of the explosive 
depends upon the rapidity of the generation of gas, the volume of gas 
generated from a given volume of explosives, and the temperature of 
the gas thus formed, for the volume occupied by the gas is directly 
proportional to its tem{)ersture. 
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The Rases are generated by chemical action of one of two kinds, 
a (combination of two or more substances, as saltpeter (potassium nitrate), 
sulphur and charcoal, cxcmijrising gunpowder, or dissociation of one 
or more ndativcly unstable chemical compounds, as nitroglycerin into 
gas(C8. Many explosives an; composed of substances of both kinds, 
so that both combination through combustion and dissociation take 
])lacc during the exjcloHion. These two processes arc described by 
llicJiard P. Dana and W. L. Saunders in “Rock Drilling” as follows: 

”The operation of blasting is condueted through the explosive force of 
gases generated eitlier by explosions (»r by detonation. ... An explosion 
is the result of conihustKui instituted and propagated at high temperature, 
(iiinpowder, which is an exph»siv(? mixture, is eompoHed of saltpeter, charcoal 
and sulphur. Ppon being raised to the temperature of combustion, or explo- 
sion, these materials eombim* ehernieally and in so doing produce a gas. . . . 
It should he notuM'd that (he chemical combination must take place 
progri'ssivelv from grain t<i grain, as it were, and is not likely to be caused by 
a jar or shock, unless such shock should be suflicumtly violent to generate a 
spark in the mass. TIu* exjilosives are comparatively bulky . . . con- 
sidering the amount i»f gas that they can liberate and. therefore, they re(]uire 
a large hole in the roek in order to introduce a sufficient amount of explosives 
to break it. 

ih'tonation may be de.scribed as a disruption caused by synchronous 
vibration of a wave-like character, but the causes of detonation have not ns 
yet been satisfactorily determined. There arc a great many detonating 
compounds, including nitric derivatives such as gun cotton, nitroglycerin 
anil dynamite, and nitrosubstitution eoinpounds such as )i>vcite, masiirite, 
lyddite, securlte, and a host of others. These compounds are definite chem- 
ical substances, as distinct from mixtures of sc'veral different substances, 
which are m such condition that a wav(*-like shock will cause their decom- 
position into gas. 'Phe speed of the wave that can produce this combus- 
tion is so gr(*at as to make the detonation of large amounts of these sub- 
stances practically simultaneous, thereby causing a very much more sudden 
and quick shoi'k than in the case of th(‘ explosive proper.” 

Gunpowder, or Black Powder. -Duiipowder is a mixture of various 
8ub«tano(*s, such os saltiKder (potassium nitrate) sulphur and charcoal. 
A standard comjioaition is 75 })arts saltpeter, 10 parts sulphur and 15 
jiarts charcoid. In “Karth and Rock Excavation,” Charles Prclini 
Rtrttes that when ignited the burning gunpowder develops gases amount- 
ing to 280 times its former volume and that they exert a pressure of 
4.68 tons i>er square inch at atmospheric pressure and a temperature of 
32* K. The (iixi>eriment8 of Nolwl and Able show that the temperature 
of the gases at the instant of the explosion is about 4000*" F., from which 
Prelini calculates that the pressure actually exerted by the gases may be 
taken at 37.9 tons ja'r square inch, which he does not consider exag- 
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gerated, as experiments have indicated a pressure as high as 42 tons to 
the square inch. 

Black powder is used where a comi)aratively slow, heaving or splitting 
action is required, or where the material is brittle or easily fractured. 
By carefully selecting the size of grain, a wide range in explosive effect 
may be obtained. The large sizes burn slowly, exert a slow pushing force 
and tend to split, while the fine sizes burn more quickly, exert a 
shattering force and tend to break up the material into finer pieces. 

The black powders are very sensitive to inoLsture and, therefore, 
sliould be used only in waterproof packagers or wh(‘re the hohw are 
comi}aratively dry. Black powder for blasting pur[K)s('s is carried in 
the market in air-tight steel casks containing 25 lb. (‘ach. 

Contractors* and Judson Powders. — (Contractors' powder and 
Judson powder are granular black powders made hon(‘ycnmbed and 
contain a small percentage of nitroglycerin. They are similar to black 
powder except lacking in glaze and are used for blasting gravel, hard- 
pan, frozen earth, seamy rock and other materials too soft or yielding 
to Ixj blasted with dynamite. Tlu^y are fired by means of caps or 
explosives. 

These powders are somewhat sensitive to moisture and should not 
be used where ventilation is poor, as in very deep trenches or in tunnels, 
on account of the gases liberated by the explosion. 

Contractors’ powder is packed in paper bags, heavily coated with 
paraffine and will run freely into the holes. Some grades of Judson 
powder are put up in cartridges. 

Dynamite. — The active and determining ingredient of dynamite is 
nitrogly(;erin, a clear, yellow, oily liquid without (xlor but having a 
sweetish taste wffiich hits a sjiecific gravity of 1.595 w’liile that of gun- 
powder is about 1.0. Nitroglyc(‘rin burns quietly when ignited in the 
tqien air, explodes at a temperature of 3S8° F., and fritezes at 41® F. 
When inhaled or absorbed through the }>ores of the body, it produces 
headache and sickness. Nitroglycerin is a very unstable compound, 
exploding very easily when subjected to detonation or percussion. 
The handling of nitroglyoerin is therefore subject to grave danger, and 
for this reason it is not commonly ust‘d in blasting operations. 

Nitroglycerin, being a liquid, is readily absorbed by various sub- 
stances, such as sawdust, wood pulp, wood meal and kieselguhr, ao 
earthy silicious limestone composed of small fossil shells, each of which 
act as a minute receptacle for the nitroglycerin. The mixture of nitro- 
glycerin and such a substance is called dynamit(\ The dynamites may 
be divided into two classes, depending upon the character of the absorb- 
ent substance, called “dopes” in the trade, these classes being called 
“true” and “false” dynamites. The true dynamite is a mechanical 
mixture of nitroglycerin and inert absorbent, such as kieselguhr. The 
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false dynamites are composed of nitroglycerin and absorbent mixtures 
which themselves enter into the chemical reaction causing the explosion 
and add to the strength and power which would be furnished by the 
nitroglycerin alone. As the nitroglycerin is merely absorbed, not under- 
going chemical clianges, dynamite burns, freezes and explodes much 
the same as liquid nitroglycerin. It is, however, less sensitive to per- 
cussion and can be handled and transported without excessive danger. 

The comj^ositions of some of the dynamites, more commonly called 
“powders,” in common use, are given in the following list, abstracted 
from (iillette’s “Rock Kxcavation.” 


Atlas Powdkh (75 CEii Cent.) 


Nitroglycerin 

75 parts 

Wood fiber 

21 parts 

tSodiiiin nitrate 

2 parts 

Magnesium enrbomit<‘ 

2 parts 

Hendhock (40 pKit Cent.) 


Nitroglycerin 

40 parts 

Potassiurn nitrati- 

40 parts 

Wood pulp 

13 parts 

I'itt'h 

7 parts 

(liANT Powder No. 2 (40 per Cent.) 


Nitroglycerin . . . 

40 parts 

Sodium nitrate 

, 40 parts 

Sulphur , 

0 parts 

Resin 

6 parts 

Kieselguhr 

8 parts 

Stonitk (08 PER Cent.) 


Nitroglycerin 

08 parts 

Kieselguhr 

20 parts 

Wo(kI meal 

4 parts 

PutHsaiuin nitrate ... 

8 parts 

Duaun (40 PER Cent.) 


Nitroglycerin 

,40 parts 

SawdiLst 

.30 parts 

Potaaai\im nitrate 

30 parts 

Carronitk (25 PER Cent.) 


NitrO|lvcerin 

25 parts 

Wiiod meal 

40 i parts 

Sodium nitrate 

34 parts 

Sodium carbonate 

■ ipart 
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HkbOULIHI (40 PBR OlNT.) 

Nitroglycerin 

Potassium nitrate 

Potassium chlorate 

Magnesium carbonate 

Sugar 

ViQORiTE (30 PER Cent.) 

Nitroglycerin 

Potassium chlorate 

Potassium nitrate 

Wood pulp 

Magnesium carbonate 

Horsley Powder (72 per Cent.) 

Nitroglycerin . 

Potassium chlorate 

Nutgalls 

Charcoal 


Gelignite (62 1 per Cent.) 

Blaatmg gelatin (containing 96 per cent, of nitro- 
glycerin and 4 per cent, of collodion cotton) 66 parts 

Absorbent (containing 75 per cent, sodium nitrate, 

1 per cent, sodium carbonate and 24 per cent, 
wood pulp) 35 paru 

Forcite (49 PER Cent.) 

Blasting gelatin (containing 98 per cent, nitroglycerin 

and 2 per cent, collodion cotton) 60 

Absorbent (containing 76 per cent, sodium nitrate, 

3 per cent, sulphur, 20 per cent, wood tar and 1 per 
cent, wood pulp) 60 

JuDsoN Giant Powder No. 2 (40 per Cent.) 

Nitroglycerin 40 parts 

Sodium nitrate 40 parts 

B«8in 6 parts 

SiJphur e parts 

Kieeelguhr g parts 

Vulcanite (30 per Cent.) 

Nitroglycerin .30 parts 

Sodium nitrate 62| parts 

Sulphur 7 parti 

lOIpute 


parts 

parts 


. 72 parts 
. 6 parts 
. 1 part 
21 parU 


30 parts 
49 parts 
7 parts 
9 parts 
5 parts 


.40 parts 
31 parts 
3i parts 
10 parts 
15i parts 
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The designation of the strength of explosives by a percentage figure is 
now (1914) somewhat ridiuulous. In the original Nobel dynamite the 
dope was kiesclguhr, to which various amounts of nitroglycerin were 
added. These amounts were recorded as percentages of the total weight 
of the explosives, and with dynamite of that nature this method of 
naming them was a good one. Even when Nobel later used nitrate 
of soda and wood i)ulp as dopes, he continued to rate the dynamite 
by its nitroglycerin content alon(;, although the substances mentioned 
may contril)ute to the force of the explosion. It was definitely ascer- 
tained at a later period that explosives like cellulose nitrates could 
form com[)OHitions with nitroglycerin having an explosive effect greater 
than that corresponding to the original dynamite ])rcpared with the 
same iMjrcentagi^ of nitrogly(;erin. These comj>ounds are not rated 
by the amount of nitroglycerin in them but by the amount of nitro- 
glycerin in a true dynamite of tlu* .same explosive properties. Equally 
great confusion exists in the trade names by which black blasting 
powder and Idasting caj)s are knowm. 

Ammonia Powder. -Ammonia powder is a form of dynamite in which 
a portion of the nitroglycerin is replaced l)y nitrate of ammonia. As 
the ammonia powder is somewhat sIowxt and less violent in its action 
than the regular dynamite it is useful where a slow’ and lifting effect 
is d(‘sired rather than a shattering action. 

Gelatin Djmamite. — (lelatin dynamite is similar to the ordinary 
form except that a certain portion of the nitroglycerin is rejdaced by a 
portion of gun cotton. This explosive is denser than ordinary dynamite 
and therefore by its use it is j>ossiblc to concentrate more exiilosive in a 
hole of given size, it levs the added advantage that less smoke is pro- 
duced. thus making its use more desirable in tunnels. The gelatin 
brands are more difficult to explode and require much mure powerful 
cafis, double strength fuxes l>t‘ing used, to develop the full force of its 
explosion. 

Cartridges. — Dynamite is placed on the market in the form of cylin- 
drical cartridges or sticks, wtupimhI in paj>er and coated with paraffine 
to protect the dynamite from the action of water and the absorption of 
moisture, as well as to prevent so far as jK)ssible the esenjM; of nitroglyc- 
erin. The cartridges arc packed in wooden boxes containing about 50 
lb. each. The cases should always be kept right side up that the car- 
tridges may lie flat and thus prevent the concentration of the nitro- 
glycerin at one end of the cartridge and its escape through the paper 
wrapper. 

Wlien ordering dynamite, the purchaser should specify the size which 
will best fill the drill hole. The sizes of cartridges of high explosives 
manufactured by the E. 1. du Pont de Nemours Powder Co. are given 
in Table 23. 
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Table 23.~-Si*E8 of Dtkamite Cartridges (mj Pont) 


Nitroglymrin 
dynamite, 
extra dynamite 

JudsoD powder* 
Gelatin dynamite 

Pernumible 

I expIoeivM* 

Blaatint fvlatin 

1 in. by 8 in. 

I in. by 8 in. 
li in. by 8 in. 

I I in. by 8 in. 
li in. by 8 in. 

11 in. by 8 in. 

1 in. by 8 in. 
1} in. by 8 in, 

i in. by 8 in. 

IJin, by Sin. 

2 in. by 8 in. 
2 in. by 18 in. 

U in. by 8 in. 

, 1 J in. by 8 in. 

IJ in. by 8 in. 

2 in. by 8 in. 

11 in. by 8 in. 

in. by 8 in. 
1} in. by 8 in. 

2 in. by 8 in. 


i 2 in by 8 in. ' | 

> JuclflOQ Powdor R R.P in (t-i lb, and hait* instead of cartridges. 

> Moriobcl also in 1 by 8 in and 1 1/8 by 8 in. cartridges. 

Dynamite at ordinat*)' temperatures is a soft yellowish iimterial, 
ea-dly molded in the hands and substantially free from odor. The 
absorbent is more or loss completely saturated with nitroglycerin, which 
nadily escapes out o t he hand.s and, being more or less volatile, may be 
inhaled. It is, therefore, advisable to handle dynamite carefully and 
not run unnecessary chances of taking the nitroglycerin into the body, 
(‘ither by inhaling it or absorbing it through the ])ores of tlie skin. 

Rapidity of Action.—Therc is a great difference in the rapidity of 
action of the several available explosives*, coarse gunpowder being slow 
and nitroglycerin being one of the quickest of the explosives. The finer 
tfie grains of gunpowder, the quicker w'ill be the action, while the 
dynamites increase in rapidity, in a general way, with the increase in 
the j)roporti<m of mtioglycerin contained in them. 

As the effect of an explosion depends upon the expansive force of the 
gases gem'rated, it is apparent that the gases must be closely confined 
in order to jiroduce the most effective results. If the rock is compact 
and relatively free from seams and the holes are thoroughly and tightly 
tamped, the gases will be well confined and their power will be expended 
in effective work. If, on the other hand, the rock is full of seams, thus 
permitting the escape of more or less of the gases, the effective work 
produced by the explosives w^ill be reduced. To overcome this difficulty, 
it is desirable to select a quick-iwting dynamite that the gases may be 
produced so quickly that they will become effective before sufficient 
time has clajised for their c‘scape into the seams in the rocks. It natur- 
ally follows from thwe considerations that for a seamy rock, a quick- 
acting dynamite should be used and tliat for a compact, close-grained 
rock relatively free from seams, a slower acting dynamite or even a 
powder may produce satisfactory results. Dana and Saunders have 
given an illustration of the practical utilization of the rapidity of action 
of different dynamites as follows: 

“ Wliere the rock bottom does not break properly near the bottom of the 
holes a higher explosive or detonant can be placed at the bottom of the hole 




136 


AMERICAN SEWERAGE PRACTICE 


than at the top, and placing the firing primer at or near the top of the 
hole the pressure of the gases can be made much greater at the bottom than 
elsewhere, thus producing a greater rupture. . . . When the high explo- 
sive is placed at the bottom of the hole, if the primer also be placed at the 
bottom, the explosion is likely to be so quick as to blow some of the charge 
out of the hole before the explosive at the top has an opportunity to do its 
work ; if, however, one grade of dynamite be used throughout the depth of 
the hole, the detonation of the whole mass is likely to be so nearly simul- 
taneous as not to affect the result.” 

Selection and Economical Use of Explosives. — By far the most erm- 
mon waste of explosive occurs in the use of one not suited to the work it 
is called upon to perform. It is an altogether too common practice for 
powder men to use one tyi^c of explosive for practically all kinds of 
work, and especially for all rock work, regardless of the physical condi- 
tions of the rock. In blasting in a quarry or in deep rock trenches, 
instead of changing to a higher grade of explosive after passing through 
the softer and weathered rock the powder man will generally use the 
same grade of explosive but in larger quantities, with the result that a 
large percentage of the energy is wasted. If, on the other hand, a high 
power, rapid acting explosi^x is used for earth and soft rocks, loss 
occurs not only due to the greater expense' of the higher grade of explo- 
sive, but to the decreased efficiency due to the lack of propelling force. 

Dr. Walter 0. Snelling, in a pa|)cr before the Engineers’ Society of 
Western Pennsylvania in 1912, presented a practical classification of the 
various explosives used in construction work in the order of their 
percussive and propellent forces, based u}>on results of testa made on 
lead blocks. This list, reprinted below', is so arranged that each ex- 
plosive in the list has a higher percussive force than the explc»ive next 
below and a higher propellent force than the one above it. 

Nitroglycerin. 

Blasting gelatin. 

65 per cent, gelatin dynamite. 

60 per cent, dynamite, active dope. 

60 per cent, dynamite, active dope. 

40 per cent, dynamite, active dope. 

30 per cent, dynamite, active dope. 

40 per cent, ammonia dynamite. 

40 per cent, gelatin dynamite. 

Granular nitroglycerin powder. 

Black powder (fine grained). 

Black powder (coarse grained). 

If a certain grade of explosive is being used and it is found that it 
does not shatter to the extent desired, then by referring to this table 
an explosive should be sdected which appears on a line higher in the 
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table, whereas if more propellent force is required, an explosive lower 
in the table should be selected. 

The grade of dynamite most generally used is that known as 40 per 
cent. While there may be times when it will be difficult to detonate, 
especially in cold weather, it has the great advantage that it can be 
transported and handled with comparative safety. It is often advis- 
able to use 60 per cent, dynamite upon sewer excavation because of the 
way in which the rock b bound in place and the necessity of shattering 
it to aid in handling. In tunnel work it may be necessary to use 76 per 
cent, dynamite for the cut shots. 

Effect of Fumes.— When the gases generated by the combustion or 
dissociation of the explosives have spent their force in shattering the 
rock, they are liberated into the surrounding atmosphere. A portion 
of these fumes are given off from the pile of rock fragments somewhat 
slowly, although a very large proportion of them are liberated immedi- 
ately upon the shattering of the rock. If the men return to the site of 
the blast and immediately begin work they will inhale more or less of the 
fumes, and in tunnels they are obliged to inhale large quantities, which 
may result in more or less prolonged headaches, dizziness, and even 
asphyxiation in extreme cases. Because of the discomfort caused by the 
fumes, it is always well to do blasting at such times as will allow utilising 
the men upon other work immediately following the blast, or to do it 
during the noon hour or early evening, so that there may be ample time 
for the escape of the fumes. In tunnel work, where a supply of com- 
pressed air is almost always available, it will be found convenient to 
])rovide a valve at the shaft by means of which the air can be turned 
into the heading immediately after the blast. Where this is done, care 
should be taken always to see that the valve at the heading is open before 
firing. 

An account of the effect of the fumes generated by the explosion of 
nitroglycerin was given in the Medical Record in 1890 by Dr. Thomas Dar- 
lington, who treated some 1500 cases of asphyxia, partial asphyxia and 
})oi8oning resulting from the use of dynamite in the construction of the 
Croton Aqueduct of New York City. Dr. Darlington claadfied the 
cases as acute and chronic, depending upon whether the men inhaled 
large quantities of gas at one time or constantly breathed air containing 
small quantities for a prolonged period of time. The acute cases were 
accompanied by giddiness, nausea, vomiting and intense headaches. 
Where the men were brought into sudden contact with large quantities 
(^f poisonous fumes, as just after a blast, the giddiness was immediatdy 
followed by unconsciousness, the patient presenting the usual appear- 
ance of asphyxia. This condition soon passed away, however, and 
was succeeded by drowsiness, languor, cold perspiration, intermittent 
pulse and often nausea and vomiting. The prominent symptoms in 
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chronic cases were headache, cough, indigestion, and disturbance of the 
nervous system. If the patient was removed from the tunnel and 
put to work above ground, he steadily improved and finally recovered 
entirely. Nearly all the cases mentioned by Dr. Darlington recov- 
ered in spite of the fact that some of them appeared very serious at 
the time. When the patients seemed to be suffering from asphyxia 
Dr. Darlington treaUsl them with cold applications on the head, ad- 
ministering subcutaneously at the same time atropine, ergotine, and 
other vasomotor stimulants. He recommended that workmen carry 
small vials of aromatic spirits of ammonia for immediate internal use in 
case of necessity, and stated that the inhaling of ammonia has a beneficial 
effect. 

Use of Explosives in Wet Holes. — Where the holes (5an he readily 
])umped out and will not immediately refill with water, ordinary dyna- 
mite can be used successfully. When dynamite is immersed in water, 
some of the nitroglycerin is gradually displaced by water so that if the 
dynamite is not to be immediately exjdoded, there is a tcndimc.y toward 
a reduction in strength. It is, therefore, always desirable to fire the 
blast as soon aft(‘r loading ns possible, where the work is being carried 
on in the presiuice of watcT. Much jirotee.tion is afforded to the ordinary' 
dynamite cartridge by its paraffine covered )>a]>('r wraj>per, although 
this is not a completes protection. Whi're much wabu* is to be encoun- 
tered and th(‘ holes cannot be immediately blown, it will be found de- 
sirable to use nitrogelatin in .sealed tubes in phna: of the true dynamite. 

Freezing of Dynamite. — While pure nitroglycerin does not freeze until 
its temperature has been reduced to about 41® F., several kinds of dyna- 
mite frwze at t(‘mi)eraturcs of from 42® to 1>0® F., dependent upon the 
character of the absorbent, although there arc “low fre(*zing“ dynamites 
which do not freeze until a temperature of about 32® F. is reached. 
When completely frozcui, it is hard and rigid, a condition easily recog- 
nized, but careful examination is retjuired to determiiH* whetht'r or not a 
dynamite cartridge is })artially frozen or chilled. Dynamite which is 
frozen or chilled is not easily detonated. The first warning of tliis 
condition genenilly comtis wffien a number of holes misfire while others 
appcivr to detonate in the ordinary manner. If, however, a careful 
investigation is made, it will generally be found that the charges which 
appeared to detonate, as usual, were far Iws effective, yet dynamite while 
ehillod or frozen is exceedingly sensitive to friction and sticks should not 
be broken or cut while in this condition. Probably more blasting acci- 
dents occur in connection with the use (or thawing) of frozen d^mamite 
than in anjT other w'ay. It is, therefore, of the greatest importance 
to examine the dynamite carefully to know accunitely its condition 
and to provide suitable means for storing it so that it may liot freeze, 
or for propa*ly and safely thawing it, if it has frozen. A further pre- 
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caution which will bo found of assistance is to blow out the holes with 
live steam before loading them. If after thus thoroughly blowing them 
out they are quickly loaded and immediately thereafter are detonated, 
there will be little opportunity for well-thawed dynamite to become 
chilled or frozen after being placed in the holes. The best results may 
l)e exi)ccted when the dynamite is at about 80® F. at the time of firing. 

Dangers in Thawing D 3 rnaniite. — It is a common occurrence on con- 
struction work to find “powder men" of long cxi>oricnce who adopt 
dangerous expedients for thawing dynamite and who will jHirsist in 
following the easy way. Precautions should be taken to prevent the 
Iciiking of the nitroglycerin from its absorl»cnt while thawing, as this is a 
most frequent cause of danger. Immersion in water, esi>ecially hot 
water, tends to drive some of the nitroglycerin out from its absorbent 
by displacement by the water. Heat also drives it out. Any act 
which may then explode even this minute portion of nitroglycerin may 
cause sufficient shock to .set off or explode the entire lot of dynamite 
which is in the process of thawing. Thawing by immersion in water is 
not only dangerous but obj(‘ctionable on the ground that, by diminish- 
ing the ({uaiitity of nitroglycerin, it decreases the power of the explosive. 

Thawing by holding over a hot stove either in the hand, upon a shovel 
or in a container of any sort, is dangerous, as the nitroglycerin which 
may thus be freed by h(‘at is liable to premature explosion, with attend- 
ant danger of the explosion of the adjacent dynamite. 

Method of Thawing Djmamite. -Frozen dynamite may be thawetl 
with c.omjiarative safety if suitable methods arc adojded and strictly 
followed. Valuable sugge^stions for suitable apparatus for thawing 
frozen dynamite are given in a jnimphlct entitled “High Explosives," 
published by the E.I. du Pont de Nemours Powder Co. In this bulletin, 
the company states: 

“When large quantitie.s of explosives an? requirtwl on temporary work, an 
(•<0011001 device for thawing consists <»f a large, dry, water-tight milk can, 
having a half inch of sawdust in the bottom. This can should bo placed in a 
cask or barrel containing water that has hee,n pn'viously heated by a jet of 
steam, or if steam is not availabh*, the cask may be filled with warm water 
heated in some other receptacle as often as is necessary. If the water in the 
cask is to be heated by a steam jet, the milk can containing the dynamite 
must always be taken out of the cask while the waier is being heated. Tlie 
cask should be covered with insulating material to retain the heat. The 
water must never be hotter than can be borne by the bare hand." 

Thawing kettles, especially designwl for this work, Fig. 44, may be 
procured from dealers in contractors’ supplies. They arc designed for 
thawing relatively small quantities, as from one to two dozen sticks, and 
may be used with comparative safety provided the precautions indicated 
above and suitable (Erections, usually accompanying the kettles, are 
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strictly followed. A thawing kettle med by the authon with satis- 
factory results is shown by Hg. 45. 

Perhaps the best method of providing a supply thawed dynamite 
is to place the dynamite, immediately upon delivery on the work, in a 
box set in a suitable pit in the ground and entirely surrounded with 
green horse manure, as shown in 46. Such a thawing box may pro- 
vide for one, two. or possibly more, cases of dynamite at onetime. 


22 22 


■M 




oectfon. 

-Single- -Double.- 

Fia, 46 — Thawing boxes for dynamite (du Pont). 

The sticks may be taken from this pit from time to time as required 
upon the work, care being taken not to take the dynamite out until it 
has had ample time for thawing if it was delivered in frosen condition. 
Dynamite should not be left in such a pit longer than neoeseary, as 
dampness may in time penetrate and injure H. For larger quantitieSi 
r^;ular thaw houses should be provided. The method of heating should 
be indirect, and such as will under no circumstances permit the tempera- 
ture to be raised above 10(P F. 

Loading Drill Holea.'— All drill holes should be thorouf^y cleaned be- 
fore loading. When the hole has been drilled to its full depth, it will be 
found advisable to drive a wooden plug into it to prevent the entrance 
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of dirt or water; such a plug will also aid in finding the hole. Where 
water and dirt liave found their way into the hole, it will be necessary 
to blow them out with compressed air or steam, the latter being prefer- 
able in cold weather as it will thaw the ice and wann the surrounding 
rock, thus preventing the chilling and possibly the freezing of the dyna- 
mite which might occur if tiie hole were blown out with compressed air. 

As the effectiveness of the l)last dej)ends uj)on confining the gases in 
the smallest s})ace, it is always advisable to use cartridges which fill the 
hole, A space bet w(M‘n the cartridge and the walls of the hole filled with 
air or water will have a cushioning eff(‘ct upon the explosive. 

The proi)or (juantity of powder to be used for a blast must be deter- 
mined by judgment and (‘xj>erirnent . Jt is always wise to begin work 
by loading cautiously, increjising the charge upon successive blasts, if 
found necessiiry. 

Exploders and Fuses.— Illack powder may be exi)loded by the ordi- 
nary bhisting fuse ignited by a matcli, or it may be set off by an electric 
exploder of low power, 

I()r exploding contractors’ jmwder or dynamite, a powerful shock is 
reejuired, for which purpose either electric fuzes or blasting or fulminating 
caps are provided. The cajis are made of cojiper shi'lls 1 /4 in. in diam- 
eter and about 1 in. long, loaded with a litth^ fulminate of mercury and 
carefully sealed. 1 he fulminate of mercury occupies only about 1 /4 in. 
of the closed end, while the balance of the shell serves to hold the fuse. 
The ehictric fuze consists of a special cap containing fulminate of mer- 
eury , as in the blasting cap, and in addition, tw'o electric w'ires projecting 
through a sulphur jilug and connected by a platinum wire which becomes 
heated to a red heat by the current of electricity used, and thus exidodes 
the fulminate of mercury. 

In selecting exploders, care should be taken to purchase only those 
wliich are amply strong for the dynamite being used. In shallow holes 
one fuze only will generally be used and that will be placed in the top, 
or next to top, stick. Where deep holes are used, fuzes should be placed 
about r> ft. apart. The following instructions for priming dynamite and 
other high explosive cartridges are given in a bulletin published by the 
K.I. du Pont dc Nemours Co.: 

“To prime a dynamite or other high explosive cartridge with blasting cap 
and safety fuse, make a hole in the end of the cartridge after unfolding the 
paper shell, or in the aide of the cartridge near one end, wdtli a small pointed 
stick about the diameter of a lead pencil. This hole should not be much 
larger in diame^r than the blasting cap, for an air space around it always 
detracts from the force of the shwk that a detonating blasting cap gives the 
expUwive surrounding it. The best results will be obtained if the blasting 
cap is pointed straight down into the primer cartridge. 

“ When the blasting cap has been put in the end of the cartridge, the paper 
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must be folded carefully about the safety fuse, and tied securely with a piece 
of string. When it is inserted in the side of the cartridge near the end, the 
safety fuse is held in position by tying it to the cartridge with a double loop of 
string. 

“If the work is wet, cover the safety fuse where it enters the blasting cap 
with soap or tallow to prevent water getting into the blasting cap. Oil or 
thin grease should never be used for this purpose, as they may penetrate the 
safety fuse, and destroy the efficiency of the powder in it. 

“The correct way to prime a high explosive cartridge with an electric fuse 
is to follow the same method as w’hen fuse and blasting rap are used. The 
common custom of taking one or more loops, or half hitches, around the 
cartridge with the wires themselves, after inserting the electric fuze cap in a 
hole made diagonally in the side of the cartridge near one end is always to be 
condemned. The principal objection Is that the looping of the wires is 
very likely to break the insulation, causing short circuits, or leakage of cur- 
rent in wet work. Sometimes the wires themselves are broken." 

When charging, the sticks of dynamite should be pressed firmly into 
]>lace with a wooden tamper, having no metal parts. Where the holes 
are practically dry, it will be found advantageous to put a few slits in 
the side of the dynamite wrapper so that the cartridges may be pressed 
into the hole in such a way as to fill it completely. If the holes are wet, 
the cartridges should not be slit unless gelatin dynamite is being used. 
Care should be taken in i)U8hing the top cartridge into place not to dis- 
turb or displace the exploder or damage the fuse or the connecting wires. 

Stemming and Tamping. — Explosives containing nitroglycerin, 
because of the rapidity of their action, will shatter the rock on which 
they rest, even in the oi)en air. This is illustrated in the method of 
blasting by “mudeaps, " or dobe blasting, the air acting as an anvil. 
To secure effective results, however, in the blasting of drill holes, it is 
necessary that the dynamite be closely confined in the bottom of the 
hole and that the balance of the hole be filled with some suitable material, 
well compacted above it. The process of compacting both the dynamite 
and supKjrimpoeed earth is called “ tamping, ** and it has l)ecn customary 
to speak of the earth packing also as “ the tamping, ” “ tamping material 
or even as “tamping." To avoid confusion, the United fitates Bureau 
of Mines has suggested the term “stemming" for the tamping material, 
a term which may well be adopted. 

The best materials for stemming are moist loam, clay or sand. In 
some cases it has been found advisable to use plaster of Paris, the hole 
Imng completely filled with the moist plaster which, when set, fornm a 
very hard and tight stemming. The authors have used for stemming, 
in holes which are horizontal, or which \yoini up, molded sticks of day, 
dried in a w'arm room after molding, similar in size to dynamite car- 
tridges. These are readily placed in the holes, pushed into position and 
broken up by moderate pressure on the tamping sticks. Tamping 
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bags made of paper in which the stemming oan be placed are upon the 
market. 

After the last cartridge has been pressed into position, from 2 to 4 in. 
of stemming should be placed in the holes and carefully tamped by the 
use of gentle pressure, care being taken not to injure the fuse or to strip 
the electric wires. After about 6 in. of stemming has been pressed 
securely into place above the top cartridge, considerable pressure may 
be used in tamping the stemming, which is dropped into the hole, little 
by little, until it is filled. It is, however, sufficient to tamp by hand, 
any additional pressure being unnecessary and dangerous. Tamping 
should never be done with any metal bar or a wooden bar containing 
metal. 

Unloading Holes. — Unfortunately, it is sometimes necessary to re- 
move the stemming and dynamite from loaded holes because of failure 
to explode, due perhaps to broken wires, defective caps or other causes 
which are many times not known. In such cases, the cap is in the dyna- 
mite and may readily be fired by an accidental blow and it is also possible 
to ignite the dynamite directly. The process of unloading is, therefore, 
a delicate one, to be carried out only with the greatest care. The stem- 
ming should be carefully removed by means of a copper spoon until the 
hole has been cleaned to a sufficient depth to permit placing another 
cartridge and exploder on top of the charge already in the hole. The 
hole should then be refilled and tamped and fired. The firing of the 
upper charge will almost always set off the lower one. If the dynamite 
must be removed from the hole it can be done with the copper spoon, 
but it is a dangerous proceeding and should never be attempted if it can 
possibly be avoided. 

Diipotal of Unezploded Dyxuunite. — It occasionally happens that 
unused dynamite must be disposed of. The proper method of doing 
this is to split the cartridges, spread out the dynamite in a thin sheet 
and bum it in the free atmosphere. This can be done with comparative 
safety, although gre^it care must be exercised to take reasonable pre- 
cautions. The presence of an exploder in dynamite to be thus burned 
may prove a source of great danger. 

Blasting Machines. — Electric fuzes are ignited by means of blasting 
machines, commonly called batteries,” concerning which a bulletin 
entitled ” Blasting Supplies, ” published by the E.I. du Pont de Nemours 
Powder Co., gives much valuable practical information. Two sizes of 
batteries are made by this company, the specifications of which are given 
in Table 24.^ 

The methods of construction and operation of these batteries are 
illustrated in Fig. 47. This battery is of the push-down type, which 
means that the charge of electricity is released and sent through the 
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leading wires and explodes at the end of the downward strike. A 
battery firing at the end of the upward stroke is also made. 

Table 24. — Data Relatino to Blasting Machines 


I S i se A Siie B 

Posta, No I 2 only 2 unl^rdcredwith 3 

<^apacity 1 1 to 10 Electric fuses 1 to 30 Electric fuses 

Dimensions i 7 in. X 8 in. X 14 in. 7 in. X 10 in. X 18 in. 

Net weight I 20 lb. 26 lb. 


“In the accompanying illustration, the parts marked 8 and 9 are field 
magnets, which are energized by the current from the revolving armature 16. 
The t^eeth of the armature pinion engage with the rack bar 1, and by clutch- 
ing also engage With the armature shaft on the downward stroke (only) of 



Fio. 47. — Blasting batteries (du Pont). 

the rack bar. 4 is the contact spring which, when struck by the bottom 
of the descending rack bar, breaks the contact between two small platinum 
bearings, one on the upper face of the contact spring and the other on the 
under side of the bridge 5, and in this way throws the entire current through 
the ‘outside’ circuit, that is, leading wire, electric fuzes and connecting wire; 
15 is the commutator. 

“To operate the push-down blasting machine, lift up the rack bar by the 
handle 34 to its full extent, and with one quick, hard stroke push it down to 
the bottom of the box with a solid thud. As the rack bar approaches the 
bottom, it becomes more difficult to operate, because of the ‘building up' of 
the blasting machine; but the speed of the thrust should not be diminikbed, 
because the finish of the operation is just as important as the start/' 

10 





m 


AMEHWAN SEWERAGE PRACTICE 


The fuzes are connected in series, as illustrated by Fig. 48, and the 
lead wires are extended to the point where the battery is to be applied. 
fvXtrenie care should be exercised to make sufe that all connections are 
bright and tightly twisted and that the bare wire docs not touch the 
ground or that one bare w'ire does not touc^h another. Well covered 
battery wire should be used for loading wires and when the covering 
has been damaged, new wire should be substituted immediately to avoid 
short circuits. 

The tw o fn'c ends of the lead wires arc not connected with the battery 
until the last thing, after all ])ersons arc at a safe distance, and iinmedi- 

ately before firing. The 
rack bar is then drawn 
\ up to its full height and 

If ^ then quickly and vigor- 

! ‘ \ \ ously pushed down, thus 

\ causing a discharge of 

• \ N. electricity of high poten- 

\ ^ tial to pass through the 

wires, wiiich heats the 

^ platinum wires in 

i I I I I i I I the fuzes and thus ignites 

„ . the fulminate of mcr- 

jr V -r^ t*ury, ^nivh explodes, 

wireo. detonating the charge 

of dynamite. 

The battery should 
\ ^ always rt'st securely on 

inniwirinn/ ^ substantial footing so 

ifTiiili move 

I «««*»» > when the bar is pushed 

ThrK-fbtt Machine Connected wHh down and thuS impair 

Thrw iMdinsWireo. bloW. 

Fi({. 48 — Methods of connecting battery 'pjjp should be 

(dulont). pushed dowm by a 

quick, hard blow*, so as to generate the maximum strength of current. 

A batteiy^ should never be overloaded by connecting too many holes 
with it or by using unnecessarily long leads, as such an overload may 
reduce the strengtli of the current sufficiently to prevent the firing of 
some or all of the charges. 

It is well jto test a battery at frequent interv^als to make sure that it is 
in good working condition, and incidentally such a test is serviceable 
in showing the operator how hard a blow is necessary to produce the 
desired strength of current. A ver>^ convenient and satisfactory method 
of testing is to insert in a circuit of the usual length and size of wire an 


ThrK-Swt Machtnf Connected wHh 
Three LMd<n9Wire». 

Fi({. 48 — Methods of connecting battery 
(du Pont). 
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electric lamp which will fail to light up if the current is weak, will light 
only faintly if the current is moderately strong, but will become momen- 
tarily white if the current is strong and suitable for use. The lottery 
may be tested by firing a number of exploders buried in the ground and 
wired up in the usual way. 

The battery should always be kept in the best of repair and dry, for 
every failure to fire is a source of danger and of expense. 

Shipment and Storage of Explosives. — The authors are indebted to 
the U. S. Bureau of Mines for the following .sections, written by Col. 
B. W. Dunn, and extracted from its Bulletin 17; 

“Responsibility to Public.— A responsibility to the public rests \ipon both 
manufacturers and common carriers to secun* the safe delivery at destination 
of explosives, and it is the duty of the owners of explosives to s^ro them 
safely. 

“Federal Law and Interstate Commerce Commission Regulations.— 

Under authority granted by Congress, the Interstate Commerce Commission 
lias made regulations binding ujxm shippers and common carriers, for the 
transportation of explosives in interstate commerce, and the penalty of a 
fiossible fine of $2000 and IH months' imprisonment is prescribed by law for a 
violation of any of these regulations. 

“The shipper must know and certify on hw shipping order that the 
('xplosive offered by him is in a proper condition for safe transportation and 
that it is packed and marked as required by the regulations. To perform 
this duty the shipper should be thoroughly familiar with all it^quiifinenU 
pertaining to his shipment. A copy of the regulations can be obtained by 
application to the railway agent, whose duty it is to furnish them to shippers. 

“Explosives in Baggage or Household Goods.— Persons arc sometimes 
tempted to pack explosives for shipment with their baggage on passenger 
cars, or with their household goods for shipment by freight. To do this 
1.S a criminal act that endangers the lives of the innocent and unsuspecting 
persons who have to handle these packages, and that subjects the guilty 
Hhipi>er, when detected, to arrest and prosecution. The Federal law 
(section 236) prescribes an imprisonment of 10 years for anyone convicUKl 
of this crime when death or bodily injury results from the ilh-gal transpiMo- 
tion of explosives. When no injury results the maximum is 18 months 
imprisonment and a fine of $2000. 

“Magazine Buildings,— Explosives should be protected as far as practi- 
cable during storage against heat, moisture, fire, lightning, projectiles, and 
theft. The buildings should therefore be weatherproof, covered by fireproof 
and bulletproof material, well ventilated, in secluded Iwaiions, and not 
exposed to fire risk from grass or underbrush. Lightning protectors are 
best placed on a line of supports encircling the building and 20 to 30 ft. 
distant from it." 

laoUtion of Magazines.— Bulletin 17 of the U. S. Bureau of Mines also 
calls attention to the investigation made by the American Railway 
Association jointly with a committee appointed by the manufacturers 
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of explosives, concerning the dangers that attend the location of storage 
magazines in too close proximity to rail way property. Notwithstanding 
the difficulties experienced in getting reliable information, they succeeded 
in collecting notes covering 130 explosions. With this information 
platted in the form of curves they determined the distances by which 
storage magazines should be separated from inhabited dwellings and 
railways. For such magazines as are guarded by an efficient barricade 
or by natural protection, the distances as determined by this committee 
are as shown in Table 25. For such magazines as are not protected 
by an efficient barricade or otherwise, the distances should be doubled. 


Tablii26. — Minimum Distances between Barricaded Magazines and 
Railways or Inhabited Dwellings 


(From Bulletin 17, Bureau of Mines, p. 65) 


Quantity of 
explonivoa I 
•tor«d (lb.) j 

Proposed American 
distance (ft ) 

Quantity of 
explosives 
stored (lb ) 

Proposed American 
distance (ft.) 

Inhabited I 
buildings 

Public 
railway j 

Inhabited 

buildings 

Public 

railway 

60 

120 

70 

10,000 

890 

635 

100 

180 

110 

20,000 

1,055 

636 

200 

260 


30,000 

1,205 

725 

300 

320 

190 

40,000 

1,340 

805 

400 

360 

215 

60,000 

1,460 

875 

600 

400 

240 

60,000 

1,565 

940 

600 

430 

260 

70,000 

1,655 

995 

700 

460 

276 

80,000 

1,730 

1,040 

800 

490 

295 

90,000 

1,790 

1,075 

900 

510 

305 

100,000 

1,835 

1,100 

1,000 

630 

320 

200,000 

2,096 

1,255 

1,600 

600 

360 

300,000 

2,335 1 

1,400 

2,000 

650 

390 

400,000 

2,555 

1,535 

3,000 

710 

425 

600,000 

2,755 

1,655 

4,000 

750 

450 

600,000 

2,935 

1,760 

6,000 

780 

470 

700,000 

3,095 i 

1,855 

6,000 

805 

485 

800,000 

3,235 

1,940 

7,000 

830 

600 

900,000 

3,356 

2,015 

8,000 

850 

610 

1,000,000 

3,456 

2,076 

9,000 

870 

620 





“It should be understood that the proposed distances given in the above 
table have not yet been sanctioned by law. Whenever it becomes necessary, 
however, for a court to decide what would be a reasonable distance in a 
locality wliere such a distance is not specified by law, common practice would 
require resort to the testimony of experts. TTie above table represents the 
combined judgment of the best experts available, after an honest and pro- 
longed study of all available data. It is probable, therefore, that the table 
will be accepted as a guide and that any person maintaining a storage maga- 
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zine at distances less than those prescribed by it will be subject to successful 
prosecution before the courts for the maintenance of a public nuisance. 
It will be advisable, therefore, for all interested parties to see at the earliest 
possible moment that their magasines are located in accordance with the 
above table. It is understood, of course, that, in any locality where the law 
on this subject is now specific, the law must be the guide. 

“Care of Magazines. — Magazines should be kept clean and in thorough 
repair. Grounds around them should be kept clear of leaves, grass or other 
materials that might feed a fire. These words should be conspicuously 
posted on them: “Explosives — dangerous. No shooting allowed." The 
swet‘ping8 should be thrown in water or taken to a safe distance and de- 
stroyed. In case floors become stained with nitroglycerin, cover the stains 
with dry sawdust, sweep up, and remove the sawdust. Then scrub the 
stains thoroughly with a hard brush and a solution of one-half pound of 
sulphide of sodium or sulphide of potassium in l/2 gal. of wood 
alcohol. Do not allow in the magazine any tools other than a wooden 
mallet and wooden wedge or a phosphor-bronze chisel, and a screw driver to 
be used only for removing screws. 

“Do not open dynamite boxes with a nail puller or powder cans with 
pick axes. Remove all explosives from a magazine before repairing it. 
Do not store detonators with explosives. Do not open packages of ex- 
plosives in a magazine. Issue first the oldest explosives on hand. Do not 
store dynamite boxes on end, as this increases the danger of nitroglycerin 
leaking from the cartridges. Persons receiving packages of explosives sent 
by rail should examine them carefully to discover ruptures or other serious 
damage received during transit.” 

Cost of Explosives. — The cost of explosives varies greatly in different 
localities and at different times. However, to give the reader a rough 
idea of such cost, Table 26 has been prepared giving net prices current 
in Massachusetts on January 1, 1914, and Table 27 gives a similar list 
of electric fuze prices. 


Table 26. — Dynamite Price List (per 100 lb.) Applicable to Massa- 
chusetts, January 1, 1914 

(From 0(‘o. H. Sampjion Co.. 


Quantity 

j »20% 

, 40% 

j 50% 1 

60% 

[ 75% 

Car load lots 1 

1 $10.00 

$12 00 1 

$13.20 : 

$14.^ 

$10.20 

2000 lb. or over j 

12.00 

14.00 

15.20 

16.40 

18.20 

Less than 2000 lb 

12 75 

14.7,5 1 

15.96 

17.16 

18.95 


* Low freesing dynamlie (oitroslroeHn). 

NoIc,~For team deliveries in the city of Boston, Mass., and its suburbs 
in lots of 300 lb. and not leas than 60 lb. add 2c. per lb. to the above. 
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Table 27. — Electric Fdze Price List (per 100) Applicable to Massac 
ciiUSETTH, January 1, 1914 
(From G,‘o. H. Sampson Co„ Boston) 



1 Single 

1 Double 


1 strength 

1 strength 

Cotton-covered 4 ft. wires 

! $3 00 

$3.50 

Cotton-<'overed 6 ft w’ires 

.1 3 54 

4.04 

Cott<iri-<*overed 8 ft. wires 

4 08 

4.58 

Cotton-covered 10 ft. wires 

4.62 

5.12 

CottoTMMjvered 12 ft w'ires 

1 5.16 

5 66 

Cotton-(!over(‘d 14 ft. wires 

1 5 70 

6.20 

Cotton-(M>vered 16 ft. wires 

6 24 

6.74 

(’ottoiM'overed 18 ft wires 

6 78 

7.28 

Cotton-eov(‘re(I 20 ft wires 

1 7 32 

7 82 


10 por cent, discount on orders for less than one thousand. 15 per 
cent, discount on onh'rs for one thou.sand and less than five thousand. 25 
per cent, discount on orders for five thousand or more. 

Terms III) days or 2 per cent, off for cash in 10 day.s. Freight not 
allowed on exploders. 

Most sewer trenches are so shallow that few of the holes are deep and 
most of them retpiire (or permit) the use of only one to four stitsks, or 
from 1 12 to 2 Ih., of dynamite. Therefore, a much greater number of 
fuses, or ex])lod(‘rs, are used than upon work permitting the use of deep 
hole.s and heavy charges. 

Upon the excavation of about 4000 cu. yd. of rock, var\drig from soft 
and seamy s(!hist to very hard and brittle granite and tra]), in shallow 
and narrow sewcT trenches, where much of the ledge w^as encountered 
some distance below the Hurfn<*e of the street, the authors used from 1.76 
to 3.6 fuzes per cubic yard of rock excavated, or an average of 2.5, equiva- 
lent to 1.25 to 2,57 (averaging 1.58) fuzes per pound of dynamite used. 
Upon this work, an average of 1.58 lb. of dynamite were used for every 
cubic yard of rock excavated. Assuming that 40 j)er cent, dynamite 
was used and that it cost $16.75 per 100 lb. (including team deliveries) 
and that four doubh'-strength fuzes were used, costing $3.15 per hun- 
dred, the cost of explosives per cubic yard of rock excavated would be as 
follows: 

Dynamite. 1 58 Ih. at $0.1675 = $0.2645 

Vines 2.5 at 0.0315 = 0.078 


Total 


$0,342 






CHAPTER VII 

QUANTITY AND COST OF EXCAVATION 

In a general way the cost of a trench is proportional to the quantity 
of material excavated. This, however, is subject to many qualilications. 
I'or example, the cost of sheeting, bracing and pumping will bo about the 
same whether the trench is of the exact width needed or a foot or two 
wider. The cost of picking, shovelling, backfilling, and hauling surplus 
material to the dump, however, will be closely proportional to the 
(luantity of material actually excavated. In some cases it may prove 
('(•onomical to open the trench wider than is actually necessary for the 
structure, so that certain types of machinery may be employed. Upon 
some small works, also, trenches are sometimes made so narrow that 
the men cannot work in them to advantage. 

The design of masonry sewers may affect the cost of construction 
materially by requiring wide trenches; this is the case where some of the 
so-called aqueduct sections arc used, while if circular, semi-elliptical 
or rectangular sections arc employed, the quantity of excavation may 
be less. Where concrete sewers are to be built it may sometimes prove 
economical to fill in some extra concrete rather than to dig the trench 
wide enough to put in outside forms. 

The character of material to be excavated usually has a marked effect 
upon the width of the trench. In hardpan and drj' clay, the banks 
may stand without bracing, thus making it possible to dig the trench of 
practically the width of the structure to be built, while the same sewer 
built in a trench in quicksand, running sand, or gravel may require 
heavy timbering. To form a conception of this difference lot it be 
assumed that two sowers of 6 ft. outside diameter are required in 
trenches 28 ft. in depth, shown in Fig. 52, and that one is to be built 
in loose gravel and the other in hardpan which does not require timber- 
ing. The quantity of excavation rerpiired in a hardpan trench, 
carried down wth vertical banks, will be 168 cu. ft. per linear foot, and 
the extra excavation required by the sheeting and bracing in the gravel 
trench will be 33-1/3 cu. ft., equivalent to an increase of lff.8 per cent. 

In rock excavation it is very difficult to excavate exactly to the line 
theoretically required. Many times the excess of excavation will be 
very large, on account of the inclination of the strata of rock excavated, 
and the tendency of this rock to slide into the trench and to break 
wide. 
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Section of Trench tor Sewer and Dnoh-t. 

Fig. 49. — “LinoH of Excavation,” Hope- 
dale sewerage system . 


To provide for these uncer- 
tainties and prevent contro- 
versy as to the quantity of 
excavation to be paid for on 
contract work it is customary 
to prescribe certain limits to 
which the quantity to be paid 
for shall be calculated, but 
the contractor may, if neces- 
sary, excavate beyond these 
and if the structure can be 
built in narrower excavation 
he is not required to excavate 
the full width shown upon 


the drawing. Such a specification may be worded as follows: 


“The quantity of earth excava- 
tion to be paid for shall be the 
number of cubic yards of material 
. . . that would have been re- 
moved if the excavation were ex- 
actly to the depth of the bottom 
of the masonry or barrel of the 
Hower pipe, and to the w’idth 
shown on the drawings by the lines 
of excavation.” 

This method is illustrated by 
Figs. 49 and 50. 

Another method of meeting 
this situation, which is looked 
upon with much favor by some 
engineers, is to provide in the 
contract that earth excavation 
shall be paid for per linear foot 
of sewer constructed. This is 
an excellent method, provided 
the preliminary engineering has 
been done with sufficient care 
and thoroughness so that there 
is no possibility of a change in 
plans. Tender this method prices 
are not usually taken for excava- 
tion at different depths, os where 
prices are taken per cubic yard 
of excavation, although there is 



Rock Section, j Eortb Sectloa 



Sectiond Plan’ ord Elevation, 
Showing Lines of Excavation. 

Fig. 50. — ” lanes of Excavation” for 
manhole, Hopedale sewerage system. 



QVAl^TITY AND COST OF EXCAVATION 


153 


no reason why this precaution could not be taken as an alternative 
to be used in case of changes in depth or width of excavation. 

Under such contracts as those described it makes comparatively little 
difference what limits of excavation are prescribed provided the con- 
tractor understands the limits in advance of making his bid. It is then 
simply a matter of computation to determine the price which he should 
bid under the stipulations of the contract, for the quantity of excavation 
which he thinks it will be necessary to remove. This adjustment, 
however, is a matter of vital importance and should not be overlooked 
by bidders, or by engineers who are making estimates of the probable 
cost of work. 

The quantity of excavation required for trenches from 1 to 26 ft. in 



t 9 10 » It 19 14 19 

Mo* WiflUh of Moionry In Tiot-W 

Fkj. 51. — TTieoretical quantity uf excnv'ation for trenches I to 10 feet deep, 
for sewers of 5 to 20 ft. outside diameter. 


depth, suitable for sewers from 6 to 24 in. in diameter is given in 
Table 28. The quantities given in this table are computed for the 
standard trenches shown in Fig. 110, Chapter XI. 

As pointed out by Marston and Anderson and discussed in Volume I, 
page 331, it is desirable to narrow the bottom of the trench to the width 
actually required for the pipe and jointing, by leaving square shouldf^ of) 
both sides to carry a large portion of the load due to the superimposed 
backfill, thus reducing the load on the pipe. This reduction in excava- 
tion, however, probably will not be accompanied by a corresponding 
reduction in cost, for it will be offset by added expense due to shaping the 
bottom and working in the restricted trench. In fact, the cost may be 
somewhat increased but it seems probable that wiy such increase will be 
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justified by the reduced danger of damage to the sewer from excessive 
load. 

The quantity of excavation rwjuired for trenches for masonry sewers 
from 1 to 40 ft. in depth and from 4 to 20 ft. in width may be obtained 
from Figs. 51, 52 and 53. These diagrams are based upon the 
assumption that the top set of sheeting will bo 11 or 12 ft., the bottom 
set 1(> ft., and the intermediate set 12 ft. in length. They are computed 



for hea \7 trenches using 10 X KFin. rangers and braces. The sheeting 
is assume^ to be 2 in. in thickness. 

The quantities of excavation obtained by the use of these diagrams 
should Iw considcretl as approximate only, as special calculations will be 
neceswary for each individual case where exact quantities are to be 
determined. 


Table 28. — Cubic Yards or Excavation per Linear Foot of Trench; Depths 1 to 26 Ft.; Pipes 6 In. to 24 In. 

Diameter 
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In making estimates, due allowance should be made for the fact that 
trenches do not always conform to their theoretical dimensions. Tide 



(0 il le 13 14 15 16 17 16 19 ZO 


M« Width of Mato nry, in FtftoW. 

FlO. 53.— yheorctical quantity of excavation for trenches 25 to 40 ft. deep 
for sewers of 5 to 20 ft. outside diameter. 


is well illustrated by comparing Figs. 53 and 54. Fig. 54 is based 
upon averages of actual measurements of cross-sections of about 25 
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trenchcss excavated in Louisville, Ky., under contracts for sewers costing 
about $2,400,000 and built between 1907 and 1912. It will be found 
by comparing these diagrams that the excess excavation in Louisville, for 
small sewers having an extreme outside width of 6 ft., was neariy 33 per 



'5 10 W 

Max Width of Masonry In 

Fic. 54. — Average excavation in about 25 trenches. lAJUUiviUe. 


cent., whereas the excess excavation for large sewers from 12 to 16 ft. 
outside diameter varied from 1 to 5 per cent., thus emphasixuig the 
lessened importance of unnecessary width of trench upon very large 
work. 
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It should not be assumed from Fig. 54 that the trenches actually 
excavated were of such regular form as indicated by this drawing, which 
is based upon the average of a relatively large number of cross-sections, 
some of which corresponded closely with the theoretical cross-section, 
and others were very much wider and were ill-shaped, involving a large 
unnecessary quantity of excavation, as illustrated by numerous dia- 
grams in Chapter IX, where experience with a variety of types of sheet- 
ing is recorded. 

Measurement of Excavation. — The length of trench or sewer is usually 
measured from center to center of manholes on the surface of the ground 
parallel to the trench bottom or sewer. ^ The depths of excavation arc 
determined from the record profile, being the difference between the 
elevations of the surface of the ground and the sewer. Sometimes 
it is specified that measurements shall be made to a point, such as 0.2 ft., 
below the pipe invert or pipe grade line. 

Klevations of the surface should be taken at each grade board or at 
intervals of about 25 ft. The depth of the sewer as shown on the profile 
should be checked at (‘ach manhole. It is of convenience in making 
computations of volunn' to be able to compute the cross-sectional area 
of the trench at uniform intervals. 

J'devations on the surface of rock should be taken before blasting at 
intervids of 5 or 10 ft., de|>ending upon the character of the surface, and 
in the case of very jagged rock surfaces, at such other points as may be 
necessary to measure the rock accurately. 

A section of trench may be considered as having the form of a ‘‘pris- 
moid,’' that is, a solid having parallel end areas and composed of any 
combination of prisms, wedges or pyramids whose bases and apices lie 
in the end areas. 

A sewer trench usually has similar parallel cross-sections and a 
uniform width. Tlie volume of such a trench may l^e computed by 
the method of averaging end areas, the formula for which is as follows: 

r = 2 2 ) 

V = volume of section in cubic feet. 

I = peri)endicular distance between end cross-sections, in feet. 
A I and At ^ areas of end cross-sections in square feet. 

In the case of trenches as just described, where sections are taken at 
regular intervals the computations may be combined in one formula as 
follows: 

» Extract from Standard Specifications for Construction of Main and Branch Sewers, 
Philadelphia: lencth of sewer built shall be reduced to and paid for in hoiisontal 

measure of City District standard feet. All vertical dimensions are given and are to be 
nuMWured in the United States standard feet, and when preceded by the sign + or — re- 
spectively to above or below an establiabed horisontal plane called City Datum, which 
is 2.25 ft. above mean high water and 7.69 ft. above mean low water in the Delaware 
River at Philadeipbin. The length of sewer to be paid (or will include tbe q>MO taken 
up by manholes.” 



QUANTITY AND COST OF EXCAVATION 


ISO 


V = volume of continuous line of earthwork in cubic yards as 

computed by averaging end areas. 

I — perpendicular distance between cross-sections in feet, 
n = number of cross-sections, 
or 

V = ^^ ifi + d2 + <I, + d, + d,. . . .+ + ^•) 

where w — uniform width of trench in feet. 

dll da, dj, d„, etc. = depths of trench in fiH»t at each cross- 
section taken at regular intervals. 

In the case of sewer trenches which have dissimilar parallel cross- 
sections and non-uniform width, the approximate volume may be found 
by the method of averaging end ar(‘as as almve, but a more accurate 
method is by the prismoidal formula as follows: 

r = (.4 1 -f 4/1 « -f- /1 2 ) 

V = volume of section in cubic feet. 

I = perpendicular distance between end cross-sections, in feet. 
^ 1 , i4„, i42 = the areas of end and middle cros-H-sections in square fe(*t. 

In measuring excavation or grading over extended areas, the ground 
should be staked out, or cross-sectioned, in equal rectangles or squares, 
not over 50 ft. on a side, of such size that the surfaces of the rectangles 
may be considered as planes. Elevations should be taken at the 
corner stakes. After the earthwork is comjdeUid, the ground should be 
re-staked on the same points as before and the final elevations at the 
corner stakes taken. The differences between these two sots of eleva- 
tions will give the depths of excavation or fill at the corresponding 
comers. The volume of the excavation or fill may be computed by the 
following formula: 

V - (SA, + 2SA» + 32A, + iZh,).' 

V « volume of earthwork in cubic yards. 

A =“ horizontal area of unit rectangle in square feet. 

2^1 « summation of comer heights which have one rectangle adjoin- 
ing. The subscripts denote the number of adjoining rectan|^ai 
each of which has an area of A. 

The approximate quantity of earthwork may also bo calculated from 
the areas enclosed by contour lines, these areas l)cing obtained most 
readily by the use of a planimeter. The volume is calculated by the 
prismoidal formula previously given, the prismoid Iwing vertical in this 
case and lying between the contour planes. 
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There Ib often a considerable difference in the quantity of earthwork 
as computed by the average end area method and the prismoidal formula 
and as in several states the courts of final jurisdiction have decided that 
the prismoidal method, while the more accurate, is not the customary 
method of computing excavation, it is always well to state in the specif 
cations the method which will be followed. In all questions of mensura- 
tion, courts usually follow local custom unless there is a specific agreement 
in the contract as to a mc^thod. 

Thus far the computations of volume have been based on the assumption 
that the center line is straight with all cross-sections at right angles to it. 
If, however, the center line is on a curve, then the cross-sections will not be 
parallel to each other but will be radial. In the usu.al case, where the 
surface is level, the cross-section is symmetrical about the center line which 
passes through the center of gravity of the section. For this case, the 
prismoidal formula gives the correct result and no correction for curvature is 
necessary. 

If the trench excavation is on a side hill slope so that the cross-section is 
unsymmetrical about the center line, a correction must be made to allow for 
the inen^ase or decreasi* in volume depending on the location of the center of 
gravity of the cross-section, whether out.sidc or inside the center-line curve. 

For further discussion of this subject see '‘Field Engineering” by Scarlea 
and Ives, Vol. I, 1 7th Edit., p. 236. 

COST OF EXCAVATION IN GENERAL 

The attempt to give definite information concerning the cost of 
excavation is apt to be misleading on account of the groat difference in 
the character of materials encountered, the location of the work, and 
the labor and machinery available. In order to give the student or the 
young engineer some conception of current prices prevailing in excava- 
tion work the following statement has been prepared, which is to be 
used only as a rough guide and not for specific application. 

In ditching and building shallow canals in peaty or fibrous alluvium, 
which can readily Ix) handled by machine, the cost has been found to be 
as low as 4 to 5 cents per cubic yard. The handling of such materials, 
together with some sandy material and sandy or alluvial deposit in 
river dredging, has often been done for 10 cents, more or less, per cubic 
yard where the material could be handled by suction or other type of 
dredge particularly suited to it. 

In the case of the more compact and sticky materials dredging opera- 
tions have generally cost from 20 to 30 cents p)er cubic yard in the 
harbors along the eastern coast of the United States. 

In ma k i ij ^ dams and railroad fills by the hydraulic sluicing process, 
more particularly in the western parts of the United States, the cost is 
usually about 15 cents per cubic yard where the water is pumped and 
7 to 10 cents where water can be diverted from a nearby creek, both 
including pipe line installation. 

Excavation by steam shovel has generally ranged from 20 to 30 cents 
per (mbic yard, depending upon the hardness of the material encounteied; 
and in the case of shale or other rock which is not too hard to be reatfily 
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shaken up by explosives so that it can be handled by steam shovels, 
upon heavy work prices of 75 cts. to $1 per cubic yard have not been 
uncommon. The cost of removing the spoil is often a very important 
clement on steam shovel work. 

Excavation by drag or wheel scraper may cost from 20 to 30 cents per 
cubic yard as against 25 to 40 cents if handled by hand and carts. 
Shallow trench excavation by hand is likely to cost 25 to 35 cents in 
easy soils, and in the harder work, 40 to 50 cents per cubic yard, more 
or less, and may reach considerably higher limits. If the excavation 
goes below the water table or ground water line, the cost will increase 
rapidly with the depth to which the excavation is carried, reaching in 
the case of quicksands, recpiiring special precaution for their handling, 
such as sheeting and bracing and pumping, prices from 12 to 13 per 
cubic yard. 

In heavy trench excavation for large sewers, whore steam shovels or 
orange-peel dredges can be used, the cost of excavation in favorable and 
reasonably dry materials, is likely to bo approximately $1 per cubic 
yard, the cost increasing with the difficulties encountered, particularly 
the amount of water. 

The cost of rock exca^^ation also varies widely upon trench work. The 
shales of the Middle West can generally be handled at II to $2 per 
cubic yard, the harder conglomerates, granites and gneisses of the 
East at $4 to $5 per cubic yard, in shallow tronchoii, the cost of rock work 
increasing materially with the depth of the trench where the width of the 
trench is small. 

In the case of tunnel work, the removal of the rock for the minimum 
bore, approximately two-thirds of a cubic yard per linear foot of tunnel, 
may be figured at from 1 15 i)er cubic yard more or less for igneous rocks 
to about $3 for sedimentary rocks, and the additional rock excavation 
involved in any desired section may then be figured at the smaller cost of 
enlarging the drift, in general from $G per cubic yard more or lees to 
perhaps 12 per cubic yard, depending upon the character of the rock, but 
the cost will vary substantially with the amount of work to bo done, 
material encountered, labor and machinery available, accessibility, etc. 

Cost of Louisville Sewerage Project — The Commissioners of Sew- 
erage of IjouisvUle, Ky., kept an accurate and itemized record of the 
costs of the several contracts under which they built about 54 miles of 
sewers during the six years from 1907 to 1912. As such complete 
records upon so large a project are rarely available it is believed that 
they will prove of sufficient value for reference to warrant their publica- 
tion. A portion of the data is taken from the final report of the Com- 
missioners, dated March 31, 1913. The detailed costs, given in 
Tables 33, 34 and 35, have been computed by the authors from data 
taken from the original files. 
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A distribution of the main items of expense on contract wprlc is given 
in Table 29. The total cost of this work is seen to have been over 
$3,700,000, of which 2.09 per cent, was for administration and 9 per 
cent, for engineering. All of the contracts, of which .there were 86, 
were advertised, with one excej)tion. Prior to the opening of bids 
upon each contract, the engineer prepared a preliminary estimate of the 
cost of the work included in the propo.sals and of the total cost of the 
work. A comparison of th(‘sc (‘stirnatea with the amounts of lowest 
})ropo8als and amounts paid contractors may be made from the data 
given in Table 30. The Chief Engineer, J. H. F. Breed, made the follow- 
ing comment upon these estimates and bids: 


Table 2 \). — Dihtiuihition’ of Main Items of Expense, on Contract 
Work, To.fANirAitY 31, 1913 


ItlMll 

Total cost 

Percentage 
of total 



expenditures 

Adminiatratiim 

$78,025 03 

2 09 

Engineering 

336,544 87 

9 00 

Right of way 

12,319 36 

0 33 

CastingH and other metal work supplies 

15,461.29 

0 41 

Damage suits (exclusive of rights of 
way) 

8,307 52 

0 22 

Amount of payments to Contractors 

' 3,289,330 89 

87 95 

1 

1 

* $3,739,988 96 

100 00 


‘‘While the bases of these csliinates doubtless varied from time to time, 
depending on market conditions, price of labor, and the tendency of con- 
tractora to bid higher or lower than previously, it is believed that these varia- 
tions have not been large. Diagram 55 shows graphically the relation 
between the Engineer’s estimates and the lowest bids received. It will be 
noticed that during 1907, 1908 and the first six months in 1909, the proposals 
were almost invariably below the Engineer’s estimate. During the latter 
part of 1909, there was a decided tendency toward an increase in contract 
prices igkh reference to the Engineer’s estimates and in 1910 and 1911, the 
prices wete materially higher than the estimates. This decided tendency 
toward higher prices led to the decision to do some of the work by day 
labor in cases where the tenders were materially in excess of the Engineer’s 
•etimate.” (1913 Upt., p. 42.) 

Work upon the first sewer to be built by day labor was begun in the 
summer st 1910 after which time the Commission seriously considered 
doing by day labor any work covered by proposals which exceeded 
the engineer’s estimate by substantially more than 10 per cent. This 
policy apparently had an effect in reducing somewhat the prices bid. 

The current prices of labor increased considerably during the time 
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Table 30 - 


-Enoineer’s Estimates, Proposals and Cost op Completibd 
Contracts, Louisville 


,641.02 

,524.13 

,974.50 

,698.98 

1 
B 
4 


Enitin(%r’a 
preliminary 
estimate of 
cost of work 
included in 
proposal 

$27,650,001 

353.145.00 
4,138.72 

121,529.00| 

280.074.00 
134,782.90; 

21,773 20| 
36,299. 60| 
31,032 59 
6,873 681 
245,491 95 ; 
7,813.57: 
15,292 81 I 
122,949.53 

11,299.79; 

38, 355. 80 ! 
18,540.28' 
30,179.34! 
11,860.34 


92,511.96; 




4i 


2,731.24 
10,895.68 
2,752.14; 
4,183.70; 
117,879 261 
17,922 07 
14,672 54 
40,746.60 
106,771.93 
21,421.53 
11,511.92 
10,549.59 
8,898.70 
3,316 68 
38,925 93 
156,538.47 
6,150.82 
2,660.91 
3,322.02| 
6,616.60! 
64,638.00; 
25 , 860.86 
50 , 545 . 7 d 


Amount 

paid 

contractor 


$ 28,882.1 
296, 296. J 
4,068 \ 
97,731 . ; 
219,087 \ 
101,543.: 

17.615.1 

28.315.1 
24,446. j 

8,120 1 

139,227 ( 

7.688 ^ 

13.133.1 
107,742 J 

9,520 ] 
32,656. f 
20,078 ? 
27,083 1 
15,525 C 
71, 865. ( 
2,804. J; 
7,474 2 
4,130 1] 
4,490.2 

81.121.1 

13.544.3 

15.567.6 
46,851 5 
85,032 2 

21.303.4 

11.511.4 

9,265.1 

8.641.6 

3.688 6 

32,601 . 1 

137,984.2 
6,401 7 
2,531 % 
2,655 S 

5 . 765.7 
80 , 210.8 

26 . 996.6 

36 . 372.6 
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Table 30. — Engineers’ Estimates, Proposals and Cost of Completed 
Contracts, Louisvili/B. — ( Ccnlinucd ) 

















IfiS 


QUANTirr AND COST OF SXCAV AVION 

the Commission was doing ite work. 

The minimum price paid for ^mmon 
labor in 1907 and 1908 was 11.35 per 
day, while during the last three years 
it is doubtful if any material amount 
of labor was obtained for lass than 
?1.75, and in many cases a rate as high 
as $2 per day was paid. It does not 
ai)pear that the prices of materials 
varied as much as the price of labor, 
although there was a tendency toward 
an increase in price during the period 
covered by the work. 

A comparison of the cost of four 
■sewers built by day labor with the 
amounts of the lowest proposals can 
be made from the data given in Tabh^ 

•II. These data appear to indicate 
that the Commissioners made a ma- 
terial saving by doing this work by di- 
rect labor. It should be rememl>en‘d, 
however, that the proposals for this 
work were materially higher than the 
Faiginet^r’s preliminarj' estimates. It 
should not be inferred that there would 
have been a similar saving or, in fact, 
any economy had the Commissioners 
undertaken to do all of the work by 
direct labor. 

In Louisville, as in many other cities, 
there was some criticism, jMjrhaps due 
in part to local pride, because the work 
was not awarded in all cases to local con- 
tractors. The Commkrioners adoj>ted 
the policy of advertising the contracts, 
which resulted in 445 bids from 72 con- 
tractors, only 26 of whom were resi- 
dents of Louisville. On every contract 
there were several bids, and in every 
instance either the award was made to 
the lowest bidder, or, if the lowest pro- 
posal was deemed by the Cominissionerj 
to be too high, the work was done by 
direct labor. The lowest local bids 
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upon 22 of the larger contracts aggregated over $575,000 more than 
the lowest bids, indicating what it would have cost the city to have 
awarded the contracts in all oases to local bidders. An analysis of the 
cost of the sewers built by contract is given in Table 33, from which 
can be ascertained the amounts paid to the contractor for extra work, 
the bonus for (joiiipleting the work ahead of the contract time, and pay- 
ments on account of claims. This table also shows the amounts col- 
lected from the contractors as liquidated damages on account of delay 
in completing the work within the time specified. 

An analysis of the cost of building the Louisville sewers has been made 
by the authors, the data thus obtained being included in Tables 34 
and 35. In ])rosenting the.sc data, an effort has been made to give to 
the reader some idea of tlu; nature of the excavation encountered, the 
amount and character of pavement taken up and replaced and the 
quantity of rock excavated. The contracts provided for the payment 
for earth excavation at the price bifl per linear foot of sewer constructed. 
The.sc; prices have been reduced to price per cubic yard of excavation, 
which in turn has Ix'C'n computed for an assumed trench included 
between vertical planes G in. on each side outside the extreme limits of 
r(s|uircd masonry section. In studying the costs given in these tables, 
the reader should bear in mind that a verj’’ large proportion of the 
sewers w’as built in material easdy excavated and that water, in 
amounts reciuinng pumping, and quicksand were encountered in only 
very few instances. For information regarding methods of excavation 
and machinery \ised, reference may be had to Table 37. 

Upon these Louisville contracts, the linear foot price w’as paid, 
regardless of th(‘ presence of rock. The computation of the units in the 
last tw'o columns of Table 34 was based on the entire cross-section of 
the trench. Where rock was encountered the prices given in Table 34 
were paid in addition to the linear-foot prices. Where no prices are 
given in the columns relating to Pavement, Concrete l^ase and Rock, 
none of the work was done. In studying Table 35, it should be borne in 
mind that on nearly all of the Louisville w'ork, the concrete was mixed 
in the proportions of one part of cement to seven parts of aggregate 
composed of sand and river gravel mixed in proportions directed on the 
work. The reinforcement was mild steel, plain or deformed bars, the 
latter being used in most cases. 

Cost of Excavation and Backfilling, Denver, Col. — In some localities 
in the middle and western portions of the country, the conditions in 
suburban ^districts are remarkably favorable to inexpensive excavation. 
The soil is of such a nature that comparatively little sheeting and brac- 
ing are required, there are few subsurface structures crossing the streets, 
and traffic conditions place little restriction upon the use of the streets 
by sewer builders. 
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Tabus 32.~Act0al Cost to Contbactor op Excavation and 
Backpiujno, Denver, Colo. 

^^^^****^ C?h>rtw and Profit »r<i AMUtned) 


Item 

Machine 

j Hand 

8ub- 



work 

j work 

eootraet 

Total 

Linear feet.. . . 

65,902 

j 10,005 

:w,093 

112.()00 

Cubic yards 

54,347 

; 5,591 

26,080 

86,017 

Depth cut, ft 

8 9 

1 6 8 

97 

9 1 

Width, ft 

2 5 

i 2 0 

2 0 

2 29 


Cents ]»er 

Cents per 

Cents per 

j Cents |>er 


ou yti 

CU yd 

pu yd. 

CU. yd. 

Machine working 

2 21 




Machine idle 

' 2 78 

1 



Hand trenching 

1 79 

25 99 

26 62 

18 74 

Backlilling. 

3 62 

! 4 29 

4.07 

3 80 

(^leaning up. . . 

0 4.') 

i 0 54 

0 77 

0 55 

Sheeting.. . . 

0 01 


0 03 

0 03 

(Jcneral service 

2 03 

i 5 <)() 

0 77 

1 89 

Equipment (labor cxiKmwi 

0 26 

0 71 

0 09 

0 23 

Material (labor cximmiw') 

0 32 

0 90 

0 12 

0 30 

Machine (labor cxiicnsc) 

0 55 




Repairs 

3 03 




Oil 

0 32 




Coal 

1 84 




Equipment. 

0 13 

0 39 

0 34 

0 22 

(Icncral expense 

0 08 

0 21 

0 20 

0 12 

Team expense 

0 42 

0 63 

0 09 

0 16 

.Machine expense . 

1 42 i 




Repairs upon machine after 

8 30 1 

, 



completion 



1 

5 20 

Sub-total. 

29 59 ! 

39 36 

33,10 

31 . 24 

Overhead exfienses, 10 per- 


1 



eent ' 

2 

3 94 i 

3 31 

3 12 

Sub-total 

32 55 

43 30 

36 11 

34 36 

Profit, 15 j>er cent 

4 88 

6 50 

5 46 

! 

5 15 

Grand total j 

37 43 

49.80 j 

41 87 ! 

39 51 


Sole.- Maohjnf? coristantly eruployed for about H rnontha. Averago rate 
of progress of raathine, 321) ft. per day; maximum, afwut 1000 ft. per 
day, followed by 3-1/2 days out of commission for repairs. 


Data furnished through the courtesy of James Collier, of the National 
Concrete Construction Co., upon the actual cost to the company of 
earthwork incident to the construction of 112,000 ft. of ^in. sewer in 
Denver, illustrate the low cost of such work done under favorable con- 
ditions and the advantage of the use of excavating machines of the dig- 
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ging type. The contract with the city covered the building of a sani- 
tary sewer in sulvdistrict 8. Construction covered 10 months, beginning 
with the fall of 1908. The material excavated was all dry, hard clay; 
no sheeting was required. Labor cost $2 per day of 9 hours, or 22-1 /2 
cents per hour. A part, of the work was done with the aid of a 28-in. by 
12-ft. Buckeye traction digger co.sting $8000 at Findlay, Ohio, plus 
freight and cxp(‘nse.s of $2000. Another portion was done by hand, while 
a third portion wjis sublet. The quantities and unit costs of work done 
in these three way.s, and the totals, are given in Table 32. To the 
actual costs should be added overh(‘ad expenses, h(^re estimated at 10 
per cent, and a reasonable profit, which, for the sake of arriving at a total, 
has been a.s.sunied at 15 j)er cent. 



Table 33.— Analysis of Co.-^t of Skiers Built by Contract at Louisville, Ky., 1907-1912 


QUANTITY AND COST (W EXCAVATION 


169 



















Table 33. — Aiolltbis of Cost of Sewers Built by Contract at LorIs\^LLE. Ky., 1907-1912. — (Continued) 
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Tabus 33. — Analysis of Cost of Sewers Built by Contract at Louisville. Ky., 1907-1912. — {Continued) 
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Kt.. 1907-1912. — (^Continued) 
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Tahle Cost OF P^arth and Rcm-k ExcA^ATIoy at LouiayiLLE, Kt., 1907 - 1912 . 


QUANTITY AND COST OF EXCAVATION 
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Table 34- — Cost of Earth and Rock Excavation at Louisville, Ky., 1907-1912. — (Continued) 
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Table 34 . — Cost of Earth and Rock Excavation at LorisviLLE, Ky., 1907 - 1912 . — (Continued) 
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Table 34 —Cost of Earth and Rock Excavation at Lofisville. Ky., 1907-1912 —(Conlin wed) 
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Table 34 — Cost of Earth and Roj k Excavation at Locisv'ille, Kt., 1907-1912. — {Continued) 
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Table 34 Cost of Earth and Rock Excavation at LoriaviLLE, Ky., 1907-1912. — {Continued) 
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Table 35. — Cost of Concreto and Steel Used in Sewers, Louisville, Ky., 1907-1912 
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Table 35 -Cost of Con-chete and Stfel Used in- Setters. Locisville, Kt., 1907 -I 912 .-(C<m«n«.d) 
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CHAPTER VIII 


RATE OF PROGRESS IN BUILDING SEWERS 

Upon the rat^ of progress of excavation, placing masonry and pipe 
laying depend largely the amount of overhead and 8uper\'i8ory expense, 
interest on working capital, rentals of machinery and often the amount 
of profit or loss upon the contract. Many times, the cost of pump* 
ing is nearly proportionate to the length of time the work is being 
prosecuted. The amount of inconvenience to the public may also 
be about directly proportionate to the same period. In drawing 
contracts, it is important for the engineer to form an accurate judg- 
ment as to the rate of progress which can be attained, that the date 
of completing the work may be so fixed as to provide a reasonable 
length of time, thus making it unnecessary to collect liquidated damages 
for delay and to prevent an unreasonably high charge on account of 
bonus for completion ahead of the contract date. It is equally impor- 
tant for the contractor to form an accurate opinion of the rate of prog- 
ress which he can make, in order that he may make an intelligent 
estimate of the cost of the work and a proposal which shall be low and at 
the .same time provide a reasonable profit. 

While it is not possible to give the reader detailed information as to 
conditions existing in Louisville, it may be helpful to him to know what 
rates of progress were attained in the building of a number of sewers. 
Accordingly, such data as are capable of presentation within a reasonable 
space have been compiled in Table 37, page 201. 

In these computations the numl)er of working days has been calculated 
by subtracting the Sundays from the total number of calendar days from 
the date of breaking the ground to the date of completion of excavation 
to grade, and does not include the time consumed in assembling the 
plant and backfilling, cleaning up and repaving after excavation was 
completed. The quantity of excavation has been arbitrarily assumed 
as that included between planes 6 in. on each side outside the extreme 
limits of the required masonry section. The time needed for placing 
the concrete was reckoned from the date of placing the first masonry 
to that of placing the last, and although the quantity of concrete per 
linear foot given in the table is that required for the sewer barrel, ac- 
cording to the cross-section shown on the plans, the quantity of masonry 
placed, per day, is computed from the quantity of concrete paid for, 
including that in manholes and other additional quantities. 
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The importance of providing machinery best adapted to the work is 
well illustrated by the progress in excavation made under Contract 2. 
This work was prosecuted at two openings, the physical conditions 
Ijeing about the same at both, except that Section o was about 5 fi. 
deeper than Section 6. The machinery, however, was quite different. 
The cableway used on Section a was very heavy and did not prove as 
well adapted to the work as the stiff-legged derricks used on Section b. 
The quantity of excavation on Section b \vas 2H9.5 cu. yd. per day where- 
as t)n Section n it was ISO cu. yd., the rate of ])rogres8 being 10 ft. and 
6.9 ft. per day, respectively. 

James Collier, the general .su])crintendent of the National Con- 
struction Co.,giv(‘s th(‘ following information concerning the work done 
by a Buckeye trenching machine in Dcuiver, (/olo. In a section where 
the average cut was al)out 8-1 2 ft. and tin* soil wa.s a sandy loam 
rcKiuiring no bracing, the record vva.s this; 


Trench, linear feet 

18,196 ft. 

Di.stanec cut by machine, ft 

17,474 ft 

Time machine in operntum, liours 

2.53 25 =* .52iK‘reent. 

Time machine idle, sliifting, hours 

46 (M) =* 9 per cent. 

Time machine idle, repairs, hours 

27 25 “ 6 per cent. 

Time mueliine idle, other caiis{*s, hours 

1,59 .50 = .33 per cent. 

Total working hours.. 

486 00 » KJO per cent. 

Ave Im. ft cut p<‘r lir uorkeil 

69 (M) 

Ave. Im. ft out per day for total working days 

323 00 


The following figure"^ ar(‘ given for a section wIkti* tlie average cut was 
from 6 to 8 ft. and the soil was a hanl clay ; 


Distance cut by machine, ft. 

Time machine in ojxTution, hour.^. 

Tune machine idle, shifting, hours 
Time machine idle, repairs, hours 
7'ime machine idle, other cause.s, hours 
Total working hours.. 

Ave. lin, ft. cut jier working hour 

Avc. lin ft. cut per day for total working days. 


S,KH) 

9.5 50 =» 3.5 per cent 

17 .50 *= 7 per cent. 

71.2.5 » 26 per cent. 
HO 75 * 32 per cent. 

271 m » 100 per cent. 
92 3 
353 00 


Tuimels. — As all work within a tunnel must be done by artificial 
light, it can be prosecuted as well by night as by day. On this account, 
it is customai^' to employ two or even three shifts iijion such work, thus 
greatly increasing the rate of progress. Upon relatively small tunnels, 
those under 8 ft. in diameter, a rate of progress of driving of from Z to 
10 ft. per shift may be attained in a single heading, the average for such 
work being pttrhaps 5 ft. If two shifts fier day are employed the ex- 
cavation may occupy one and the placing of masonrj’ the other so that 
the net progress jMjr shift will be one-half that of driving the tunnel, or 
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my 5 ft. per day on the average. The information relating to rate of 
progretw in tunneling in different materials which is given in Table 36 
has been obtained from many sources. An inspection of the table will 
show that the cost as well as rate of progress depends on so many condi- 
tions that even an experienced engineer will be reluctant to claim close 
accuracy for his estimates of what a tunnel in some materials or under 
some working conditions will cost. In such cases, the practice of the 
best engineers is to make their figures decidedly liberal, and then hope 
the actual costs will not overrun them. 



RATE OF FmORESS JN BUILDINO SSWEM 


201 




p 

0 


z 


M 

OQ 


S2 

^rl 

or 


z 

0 

o 

p 

K 

h 


O 

U 


o 

pH 


-< 

PC^ 

I 

CO 

3 

? 

H 


UOI 4 .DAOOK 3 

POH4.3W 

III 111 lit j 

1 li II li ! i III 1 

(•spAno) 

Xdq 

UOI+OACOX^ 

Is s 5 5et;s:S5|,5 

(tpX ad) 

4 . 00 J aoauii j®d 
UO 14 .OAOOX 3 

5 

«^(\i V 6 0 

(VjCVj <Vl (Vi (Vl^OjAiAJd^^ 

(4»9j) , 

j9Mag jjo 44.daQ 


(l.Mj)i^4.uO|4idd 
\^4.6 u 3'; Luniuiuii^ 

5 

(iWj) iiiuoi^ j^d 
i^4Jou3i uanuiiyioj^ 


(vwj) Adq BuixiOM 
jQd 

<h " Ci' ^ 

0^ (b 

(spA Ao) 

XoQ 6 uj>|jo^j»d 
Aiuos»i^ a^iouo^ 

(VI N *f) ^ ^ Si 

f»5 VO 

CVlOjlU'*' ^♦._ 

(•«qi) ^ 

4.oojJi03uq J»d 

sSTs' *, crcs" 2 

S 1 ^ ♦; 

toAna) 4 j&Ojat»ut-| 
a»d Ajuoso^i »;aj:>uOQ 

^ f? M 1 

<\jnj(vi<vi <\j (Vi04'^ >. 'h % >, 

(4A3j ) M; 6 uai 

5 Ho »> CVI ^ ^ 0 0 i 

a; V ♦O'- ^ (V 'v 

aaAA99 30 

®2\9 

Vo'vo'^V ‘oV*'® *(» *'oS*^ ^ ^ 

'«c^ ‘v<\ V V V 5 fw *j4 'aj aj *5 A# '^> 5 

H ^ \ H H *',*'*' ,’' *** •*' a** 

*<Vj *(Vl V ^ ^ ^ 

v*> ‘jo * 5 ; '5 't> tj 5 to Ci* S; 5 ^ 5 

UOISIAJQ 

'I 

aaqaiAN 45004^103 

<x SiJ S'* ? 
























Table 37 . — Rate of Progress of Constrcction by CoNTRArr of Masonry and Pipe Sf.weu*^ in Louisville, Ky. 

1907 - 1912 , — (Continued ) 


RATE OF PROGRESS IN BUILDING SEWERS 


203 


uoi^-OAooy^ 

1 

V V ^ 

- t i 

: ?. , 1 r 

a >1 ! 1 1 1 

^ <0 0 5 

(spAno) 

Adq 6uiv|io^j9d 
UO| 4 .bADDX -3 

Aa "C’ 

^0 fc 

A > N C 

(spA od) 

4 .OOJ J09U|-J J 8 d 

U 0 I + DADDX 3 

0 ' c ^ 

u ^ ^Ov<L'^ 

" ^ ^ _> 


Ai 

<3 r>J c> ?i > I:*'' P 

fvj <\J '> •>> ^ Ig fVj fu '< 


^ ^ 5? ^ ^ ^ 

Ij} ^ V S ■§ 

(439j)mU0l^J3d 

ujniuixopvl 

to ^ t <0 "5^ 

'*> ^*5 6^. 

(4a3j) Adq 6 u!>|a 0 M 

aad jaAAd9^44.6u9T 

^ '1 ' tj >'!!i i e 

(spA no) 

Ad(i 6 ui>|Jo^j»d 
Ajuocd;^ 34^ouo') 


(sqi) ^ 

4.00JJ03UI1 jad 

19349 

^ to ^ p 1 

.En^r) I 

> \ 

(•spAno)4.oojaD9uii 

J9a Ajuosd^ aiaoouo;} 

vR ty>r t^rvj N to*^ 5 

Vf» ^^r».N '::>6 <>> 'onj c 

< 5 > C5 tS citi 

( 4 aaj) q+Gua-j 

N VoO^tO'O <5> VfiN C3 t^’tO 'tJAj ^ 

rvj CRU>fvJ<o o^v3 'o tolf* <>> ft 

^ S 

1 nT tvT Rj to ^ 

a9AA9 9 j-o 

azig 

*so "<=> *0 }:> 5) ^ V 

tfe '•to ^ '9 '0 ^0 '9 Vfi *0 '« * 

.. ..tSi. ..w. V ‘*2? 

V *'^ 5» ^ ):> h 

N V, V K K \o K *so *vt> 'vft 'Vft * 1 |^ 'vo 

UOISIAIQ 


1 aaqoinf^ 40oj4uo;) | aj > ^ ^ 1 













^ 7 ./ 













Table 37. — Rate of Pbogress of Construction by Contract of Masonry and Pipe Sewers in Louisville, Ky 

1907-1912 — (Continued) 


RATE OF PROGRESS IN BUILDING SEWERS 


205 


U01 + OAD0X3 

1 ^ 

1 ^ $ Of 

1’ U ss^>. 

1 III h 1 

Mm) 

Adq buivjjo^jsd 

UOI^-DADDX-^ 

(\j\l-fvjrs rj- h NKNM^ Aj 

(spA no) 

4.00J jDaucj Jdd 
u 0 1 4-0 A00X3 

> *0 

(+SSJ) 

jaM 95 ^0 mdsQ 

‘f^N^cvj (v» N ^ 


^ 5 K ^ 

(V 


> In S 

^ h h ^ 

yj > ^ 

( 4 Wj) Xo(] &U!i|J0M 
jad 


(vpA no) 

Adq Bui>jJO^jad 
Ajuosd^j a 43 iouo 3 

N N S 

tfitfjnini N fO V 

(• 5 qi) 

4.00JJDOU11 jod 
P 94.9 

5 ' ts K N, N 

? «<) 5 

(TOAno)400jJDauiT 

jw Ajuosd^ 94910003 

V0V>S)'v'v 'n'l' 



jsAAgg ^ 

^N^oaO) «u<iV) 55 

N'O*^ '0'«'«V6 

UOISjAlQ 


jaquiofsj PDJ.IU03 

^ Ci %v ^ ^ 

Cto ^ S V. 







Table 37. — Rate of Progress of Construction by Contract of Masonry and Pipe Sewers in Louisviixe, Kt., 

1907-1912.— (Conan 


206 


AMERICAN SEWERAGE PRACTICE 


UOI+OADOxg 

i-O 

poM-^®W 

f ? f 

1 ! 

S 1 1 

1 ^ ! 

<0 vS ^ to 

( cpA m) 

/©(] 6ui>|J0/\/\ J3Cl 
U0I.(DA1DD>^] 

to Cb Ci fo *5^ N 'a 

rvj'vK tj- 

(?p^ no) 

+O 0 J joauc^ jad 
UOl^OADOX 3 

r 

nCiCi N. 

to'A'A fU 

(*«j) 

tXs-v lototo Oj 

^ rvj fu 'v «N ^ 

(.vaaj) 4 iuo^ jad 
ainaiiui(;^ 

10 

a . ^ . 1 

(4aaj)q4uoi^ j»d 
q+Sua"] tunujixD|/^j 

'A rw (Vj t: 

to ^ 

to N ^ ^ 

(laaj) Xdq 

j»d J^A ^^9 jombud-] 

<600 fo^os (A ‘a-^ 

{%pk no) 

Aoq &ui>|jo/^j»a 
Xjuo^oysi aiaiouo') 

<A^> v(aN > Oo^ 

N*-. tACVaN nj 

fvafu vv^i >j: '^d- 

(^^ 1 ) 

4 . 00 jJDaui 3 J9d 
iaa+9 

nj 

' 1 

(qoX no) 4 . 00 J joau 1 3 
jad Xjuosojq a+ajauo^ 

vAfoKK(K ^AjtOtO ^ON 

htonjoj^ xj-xjroto 

mm 

'A^tACiM. V'Ajvfo NOtAOoNN^a teNF 

•Ofo ^'A (Vl^,^o «:> t:>vo^^T^ 

■N V* (\j' C ry' N.' 

j9AA9g j .0 

9219 

>«^njnj<a ^^tA«A rwnjfVitA^^ta ^fu 

'A>YV'^ .^>'^'0 vOt'.'AV'A'A V 0 > 

to 

V 

UOp’lAJQ 

0 t> tj -A d -A 

jaqujnisi 4 .ooj*,uo3 








Table 37. — Rate of Progres^s of Construction- by Contract of Masonry and Pipe Sewers in Louisville, 

1907- 1912 . — ( ( OR 1 1 ri ue^l ' 


RATE OF PROGRESS IN BUILDING SEWERS 


207 


UOl + DADOXq 

P044-3H 

< 

^ s 

1 1 

r . 1 

ill 1 1 

( cp/i nD) 

XoQ 6 ui>^J 0 /(/\ jad 

uoi 4 .DADax ;3 

N CiVf^rs*o 

Vftcg-v hhvo^>^^J 

(cpX hd) 

4 . 00 J joauq jad 
UO 14 .DADOX 3 

Q^NOo 

(4.«j) 

^ 4va3Q 

5; ^ ^ ^ ^ ^ tg !:$ IQ 

( 4 .aaj) i^ 4 .uoi^ jad 
ujnLutut^g 

N (g h 5* 

jg ^ ^ 

>. t>) eg tg 

( 4 .aaj) 44 .uoi^ jad 
H^Bua-] ujnuiiXD|^ 

h ’‘o ^ 

gi cia h 

(;aaj)XD(] 6 ui>|jo/^ 
jad J9M8$j£)4pU91 

egegeg ^ 

idfvjoi 

(spA no) 

Adq but^jo^oad 
aiajouoQ 


(sqi) 

4 .ooj joauq jad 
laaig 


(spA no) 40 ojiDaui-] 
jacl Luoso^kj a 4 .ajouo 3 

tnnfgfG >rgfgvfgtgtgrgtgrg < 

(4.a3j) M4-Boa-| 

tf^^rgs.. ^ 

^K'QCi *fvCg If) 

fg> Hi 

j9/wa9 }o. 

‘9z\q 

V VVj «s V g> Hi N 'c eg <r> o> ^ ^ vf> «o 

UOISIAIQ 

g Hjg-g w'g 

jaqLunjvi pDi+uo^ 

K) K fg Vg 

^ Hi 


14 










Table 37. — Rate of Progress of Constructiom 


AMERICAN SEWERAGE PRACTICE 


U014.0ADOX3 




(cp^no) 

Adq bUlSjiO^ J9Ci 
UOllDAD^y^ 

(?pA od) 

4.ooj JD3ui-| jad 
UOj4.DADax3 

{433J) 

jaMag ^0 Li^doQ 

(iaaj) q4U0i/yj J3d 

q+Duai ujnujiuni^j 

(|a3j)q4UO|^ J3d 

qiBud'i LunuitxDj/^j 

(4.WJ) Adq Bui^jo/^ 

Jid 

(9pA no) 

Adq 6ui>|jo/^^ jad 

AiuciDy^j a+aj'auo;) 

c^qi) 

qOOjJOJuq J3d 
— 

(spAnjj Aooj JD3U11 

jad Ajuosp ^ 

H+6u3-| 


lA N Qj K 


N (T) 1J. 

<\j ^ vl 


fVl > 

iTi <S < oo K 


fVj Oi 


<»5 vci Ci 

^ (Q K ^ 

^ ^ «:i 

«:i ^0 0^ t<) ^ cu ^ 

^ >I Vf\ 




^ V 1*^ ^ 


J9AA35 ^O 

9219 


?V;^ S yjj'jVHy’ 




jaquinjsj 


S60\/J.e J,/ \ S9.0 \ 5frfr leg Derrick with O PBtKkets. 




1907-1912. — (Continued) 


RATE OF PROOHESS IN BUILDING SEWERS 


209 


S 

ij 


& 

o 


sc 

o 

O 


< 

(4 


2 

H 


U0I4.DA100X3 

POM4.3W 

1 ft 

1 1 

! * * 

1 t 1 

1 1 111 

i. 

(spAno) 

Xt)(] 6 ui>)J 0 ^J 8 d 

UOl+DAODX^ 

»0 N CO CO | 

cs ifj (*) 00 

‘o >. (vi 'x di 

(spA no) 

4 . 00 J jDaui~i jsd 

UOI 4 .DADDX 3 


(+»aj> ^ 

J9M85 ^ 44Ja»Q 

<M <0 N csvfttu^'vvdi 

(u ci rvi 

(4.99j)44.UO|^J9d 
q4.6u3^ lunuiiu)!^ 

>.04 t 5 

0 ^ 'o ? 

(iwj) H+uoj^ J9d 
4.PU9'] tumuixt)^ 

^ cvi 0 

»A ^ ^ 

(ta 8 j) /(dq 6 ut>iJ 0 M 
J3d J9/VN8g^44JDU91 

eg ^ ^ ^ ’*j;i ^ r^ 

g <b « g ■<§•! 

(sp^no) 

Adq feuj^jo^jdd 
Aiuo^o^sj o+e-ouoQ 

S ? S 8 i S 5 §!S 551? 

Vo < eg < eg <i»oV$(\i(\j< 

C'qi) , 

400jJD9un Jidd 
\99i^ 

T' 

It 



(4®8j)q46u9-] 

^rj- V)<g**.Vo^» 0 ^ (gvo*^ >|‘¥h 

j 9 /sA 9 g 40 

9Z!9 

tgvfi 90 VO(g'A<V'Jft(U« <AP»)K fol») 

T »o n *0 > ^ >0 eg ►> n 

UOt^JAlQ 

d -d 'I 'b ^ 

J9qiun|si +ooJiuo 3 

c> ^ ^ K 

>. eg eo f.) <• 











Tabu: 37 —Rate of Proghess of Constbcction by Contract of Masonry and Pipe Sewers in Louis\ ille Ky 

1907-1912. — (Continued^, ' 


210 


AMERICAN SEWERAGE PRACTICE 


uo!4.0A)oox2 

-j— ^ "" ■ 

1 

' 0 ? 3 ; 

1 

S' ^ s 

S' 

•''j ^ 

I? 1 V 1 ^ 

( cpA no) 

Xdq 6uiv|Jo/^j3d 

uo!4.DAOD)(;3 

Is ^ S I »; Jf 

(spX no) 

4 . 00 J jD3ui-| jad 
uoi 4 DADay;] 

I ’ — 

> <b K 

' - <1 < S 

( 4 .aaj) 

^ 44.d3Q 

Lii_t ^ ? ^5; 

q 4 .uo[^ jad 
H+Buai wjnujiund 

f? ^ § $ 'f 

Z® t 5 1 S Jj 

(iaaj)muo^j J9d 
H4j5ua-j ujntuixD^^ 

II ^ s 

— vc' (5 (^ 

(+aaj) Adq 6 uiyao/\^ 
jad jaMag^mbua^ 

f; 

(spA no) 

XoQ Bui>jjo//^jad 
^iuosD^ apjouo^ 

^ jsi ''"'''' ''' ''' 

C^qi) 

^oojioauq jad 
1034-9 

Qo y 

^ V § g 

2 *“ 2 r S S' 

^ ^ 1 E ^ 

(spA no) 400 J joau i-j 
jadXjuosDid a+QiOuoQ 

fufOoi 

(4.aoj)446ua-| 

“pi| 

JSAAag J.O 

»z!9 

• 


UOfciAlQ 


-laqomfyi POJ 4 U 03 

1!^ ^ N ^ " 

K VO VD ^ ^ 



Table 37 . — Rate of Progress of Constructton by Contract of Ma.sonrv and Pipe Sewer-s in Louisville, 

1 907 - 1 9 1 2 .— ( Cont in ued ) 


RATE OF PROGREf^R IN BUILDING SEWERS 211 






1907-1912 . — {Contin ued) 


212 


AMERICAN EBWERAOE PRACTICE 



Q 


s 

? 

BC 

Ck 

0 

B 


UOI^OAOOX^ 

poM 4 .«l^ 

r 

1 

1 

cc: t 

5.5 .5 5555 

( spX no) 

Xd(] iad 

UOI4.OAO0X3 

fvi^ -v N »nits c>> ri4Cii:iU^ 

|A ^ S'n < 

vo.| ‘A > vv. 

(cpX no) 

4.ooj JMui-j j®d 

UO|4,t)AOOX'3 

2 

‘A h •ACVJ yj NAjBjCVj 

tA^ ^ ty 

^0 44 .d®(] 

<A».. (A Q K'A ^KvoK 

(iaaj) jad 

ujnLuiuii^ 

<<);> o^mIa NVK 

^ 'V y> 'J' '<0 (V( 

(iaaj)muovvtJad 
tj^bus*] uancuixo^^ 

tP ' 

Ns» 'aoo *A 5 ^^^^ 

<Ao Ajy) <0 yj^yjOj 

S' 

(^aaj) Xdq 6uiMJ0/y\ 
jad jaM 39 ^q;bu 9 i 

Si| < « sSi ?! 

(sp/ no) 

Xdq buivjJO^jacl 
Xjuost)^^ a+ajouo^ 

Al 'j- (Vl^ Aj 

N CA •»s^ Ca 

‘Ag < < A 4 V V tAfAAi<ya 

(tqo 

^ojaDiuii J 9 d 

l»»+? 

1 

1 

(•spXno) 4r>0j joau q 
jadXjuoso^^ ai.ajouo3 

^ ^ ^ ^ VO ^ N 'A ;a 

(.^aaj ) v^+Sua-i 

"•''b A|»A'0*A«AN'Ah’A'A'»- 

NIA»A <A>Aa>NA>'AO«>>'AN 

'A>'A '^■'A'lo^{^J^^lA''^'A^UA 4 

a^Mag ^ 
aziQ 

ca'srscaN< 5 >>KN.T|.> 
'AAiAi •A’Af'i'AAj'AAjnjAjcyfy 

U#l«jAIQ 

^ -A 

jaqvjunjv^ pDJ.^uo3 

« 5 > ‘A‘A(V|CV 4 Aiaj> 






1907 - 1912 . — {Continued) 


RATE OF PROGRESS IN BUILDING SEWERS 


213 




p : 

h 

(h 

Z 

O 

U 


UOi4DAOOX2 

POM4-3lAl 

1 

1 

111 II III Is 

ill II 1 1 1 1 1 

spA no) 

/dq 6uiijjto^j9d 
UOj+loAOOX'] 

(Vi'AOaNCiTj.VoK 

nq; 

(5pXno) 
^oojjoaui^ jad 
UOI4.DADDy2 

Ai ^ 

jaM»g 40 HidaQ 


(iaaj) jiad 

qiSua*] lunaiiuq^ 

55 

5 (W 

(.taaj) q 4 .uo^^ jad 
q^feua"] oinoiixDj^ 

1 ® 

(;aaj) Adq 6 uimjom 
jiad iaMag joq+oua^ 

>v 'n V6 

^ s 

(tpA no) 

Aoq 6 ui>^J 0 /^-iad 
XiuosDi^ a^ajouo^ 

s 5 5 s ;; 

»n fVi n- ^ »0 

(5qi) 

400 jJDauii jad 
laa+g 


(cpA no) 4 ooj joauq 
j»dXjuo? 0 |^ aiajouo^ 

5 S & Hi s 

<s tj ci V 

(iaaj ) q+Gua-] 

1 

Ti ^ iT' 19 

(\i \h ^ k> ^ ^ 

<<3 iq 0’\ N 

ja/waQ 40 

9ZI<2 

iTP’ 

! X a II I 2 

UOISIAIQ 1 ^ 

jaqwnfq po.i;uo3 







CHAPTER IX 


THE SHEETING AND BRACING OF TRENCHES AND TUNNELS 

The shoring of trenclios consists of placing braces across them to hold 
their banks in normal position, and often involves sheathing the banks 
with plank, commonly called “sheeting,” held in place by longitudinal 
timbers called “rangers” and by cross-braces. 

The most common types of such work arc vertical sheeting, horizontal 
or box sheeting, poling boards, stay-bracing and skeleton sheciting, which 
are defined on pages ‘ilf), 232, 236 and 237. 

The method of shoring trenches is usually left to the judgment of a 
foreman in charge of the work. In many cases it is inadequately done, 
which results in delay, unnecessary expense and damage. The subject 
is hero treated from both the theoretical and practical points of view, 
and a number of illiLstrations are given, from trenches actually con- 
structed, to show’ th(^ best imdhods adopted in practice and some of the 
results of lack of care in placing the sheeting and shoring. 

Necessity for Shoring Trenches. — Trenches may be excavated in 
most materials to a depth of 3 to 6 ft. without mucli danger of the 
banks caving. Sometimes in certain materials, sucli as hardpan, 
excavations may be made to groat depths, 12 to 20 ft., without much 
danger of accident. Usually, however, it is necessary to shore the 
banks of trenches thoroughly for the protection of the w’orkmen and to 
make progress possible. As sewers are generally built in streets where 
water and gas pijHw and other underground structures have already been 
laid, and sometimes in pavinl streets in which there are car tracks and 
where high structures follow' the building lines without break, it is 
necessary' to prevent the caving of the banks and the settlement of the 
adjacent ground, because of the danger to these structures. 

Many practical sewer builders often take chances on this part of the 
work, to reduce cost, trusting that they will not meet with loss of life or 
property. Many unfortunate examples have proved this a short- 
sighted policy. In one instance, a contractor, because he had them in 
stock, used 6 X 6 in. timbers for shoring a deep and treacherous trench 
rather than jgo to the expense of purchasing the larger timbers which 
were needeo^for tliis particular work. As a result, the timbers gave 
way during a heavy rain, the banks slumped enough to cause a break in 
an adjacent water-main, and the w'hole accident resulted in a loss of 
several hundred dollars more than the extra cost of shoring the trench 
214 
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w ilh heavier timbers would have been. Accidents such as this, however, 
are much more often due to the improper handling of the work than to 
the selection of improper methods and too light timbering, as, for 
instance, in another case in which carelessness in holding the banks 
resulted in slight settlement which caused the breaking of a water-main a 
few feet back of the sheeting. This accident resulted in the unnecessary 
loss of about $5000 and several weeks’ delay to the work. 

It is well to have a trench so timbered and protected as to be safe 
at all times and to anticii)ate storms wliich may cut away the banks and 
cause damage unless the shoring is in good condition. For this reason 
it is well to place a low bank of earth along the side and across the ends 
of the trench, to prevent surface water from flowing into the trench and 
cutting away the earth behind the sheeting. This does not involve 
much expense and may result in avoiding serious loss. 

The exercise of good judgment, acquired by ample experience, is 
required to determine when shoring is needed and what method should 
be adopted. There are no rules by which the inexrK‘rienced can de- 
termine the depth to which a trench can be excavated without the use of 
sheeting, or before sheeting should be put in place. It is not unusual to 
lind uneducated superintendents and foremen with many years of 
practical experience, who are capable of rendering judgment upon these 
subjects superior to that of the educated engineer. 

TYPES OF SHEETING AND BRACING 

Vertical Sheeting.— Vertical sheeting, although usually more expen- 
sive where other methods can be adopted with equal safety , is the type 
most commonly used on sewer work and particularly on deep and 
difficult work, and in trenches in dry running sands, gravels, and (luick- 
sand. Where trenches are excavated in improved streets under condi- 
tions making it important to prevent settlement on account of danger to 
pipes and other underground structures, pavements, and abutting 
buildings, it is often unwise to attempt to use the other and generally loss 
expensive methods of shoring. 

It is desirable to excavate the trench as deep as possible (usually 3 
to 6 ft.) without endangering the banks before placing the sheeting. 
When the trench is excavated to this depth the first set of rangers (which 
should usually be about 1 ft. below the surface of the ground) and if 
possible the second set are put in position against planks placed vorticidly 
against the properly trimmed banks at each end and in the center of 
each ranger. The end planks should be so placed as to come flush with 
the ends of the rangers. Having placed the rangers in potion and 
supported them temporarily, the braces are driven, or the jacks made 
up, so as to hold the two opposite rangers in their proper position. 
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Braces should bo cut so as to require reasonably hard driving and to set 
the planks back slightly into the bank, as otherwise there will be danger 
of the braces Ijocoming loose and ineffective. The banks should then be 
trimmed plumb and to a line, which will require the rest of the sheeting 
to be driven lightly, to get it down between the banks and the rangers to 
the bottom of the excavation thus far made. Some practical sewer 
builders maintain that it is better to hold the top and second sets of 
rangers temporarily in place until all the sheeting planks have been 
placed behind them against the bank, and then drive the braces or make 
up the ja(!k8, thus securing a somewhat tighter hold on the banks 
than where the planks are slipped in behind the rangers after the latter 
have been finally braced. The former method will generally prove 
more convenient and will give equally good results if care is taken to so 
trim the banks that each plank will have a driving fit. 

The second set of rangers should be placed as soon as the first set has 
been secured in position, or better, if conditions will warrant, at the 
same time that the first set is placed. The vertical distance between the 
several sets of rangers will depend to some extent upon the local condi- 
tions and the (diaracter of material, but generally, upon work of moder- 
ate size, th(‘y should bo spaced about 4 ft. on centers. The rangers 
should be directly over one another, thus allowing the sheeting to be 
driven jilumb. After the rangers arc securely braced, lap blocks or 
cleats made of 2-in. lumber the width of the braces and about 18 in. in 
length, should be placed on top of and across the joints between the 
ends of the braci's and the rangers and securely nailed to the braces to 
prevent them from falling if they become loosened. In some cases it 
may be coin onient to attach the cleats to the braces before the latter are 
driven, tints supporting them while they are l)eing placed between the 
rangers and driven into their final position. The rangers should gener- 
ally be placed level, although in side-hill work where the excavation is 
light and reijuires the use of only one or two sets of rangers, it may be 
advantageous to jdace them parallel to the surface of the street. This 
should never be done upon deep excavations or where the trenches are in 
treacherous material. 

Rangers will vary in length according to the character of the work 
being done and particularly the class of machinery used upon the 
excavation. Common practice, especially in the eastern part of the 
country', is to make the rangers 16 ft. long, thus fixing the spacing of the 
braces at a trifle less than 8 ft. on centers, which allows for the con- 
venient use^pf certain types of trench machines. Upon heavy work it 
may be advisable to use somewhat longer rangers, thus giving more 
room l)etween braenvj for the ojK?ration of excavating machinery. 

It will generally he found advisable to use three braces upon each set of 
rangers, one at the center and one at each end, although some practical 



SHEETING AND BRACING OF TRENCHES 


217 


sewer builders use but a single brace to hold the ends of two abutting 
sets of rangers, a 2-in. block being used at the end of the brace to cover 
the joint between the two rangers. By the former method each section of 
trench will act independently of the adjacent sections, whereas if the 
end braces engage upon the abutting sets of rangers, a slipping of one set 
is likely to affect the next set. Where two braces are used at the joints 
between rangers, some saving in lumber may be effected by making them 
of somewhat thinner stock than the center braces, as for example, by 
using 4 X ^in. braces at the ends and 6 X 6-in. braces in the center. 

After the sheeting has been placed in a section and tapped down to 
the bottom of the excavation, the driving is commenced. One man, 
sometimes called the “plank lower,” should always be stationed in the 
trench to dig out for and guide each plank as it is being djiven. He 
casts the dirt to the center of the trench and where the material is such 
as to permit, digs slightly in advance of the plank. After the plank has 
been driven as far as possible (usually in good digging about 2 ft. btdow 
the normal depth of the trench before driving began) it is loft and the 
next one is treated in a similar manner. 

As at the beginning of the driving the sheeting usually stands several 
feet above the ground, platforms constructed of planks loosely laid upon 
wooden horses are provided at a suitable height upon which the plank 
drivers may stand and work to advantage. These horses may be con- 
veniently made about 6 ft. high with horizontal cleats about 18 in. apart, 
so that the platform may be low'ered from cleat to cleat as the planks are 
driven. 

In relatively narrow trenches, as those from 3 to 8 ft. in width, it will 
often be found advantageous to alternate the excavation and the 
placing and driving of the sheeting between contiguous sections of the 
trench, as the room in the trench in which the two classes of workmen 
must carry on their labors is somewhat rcistricted. This method of 
procedure involves the excavating of two sections of trench at the same 
time, thus lengthening the work, which in some cases may l )0 im- 
practicable. On the other liand it often happens, es^iecially in trenches 
in loose gravel and running sand, that it is necessary to drive planks short 
distances as the excavation progresses, in which case the driving must he 
done in connection with the excavation. 

The position of the bottom of the sheeting relative to the excavation 
depends largely upon the cliaracter of the material being excavated. If 
the trench is in hardpan or alluvium, the excavation can often be 
carried considerably below the sheeting without endangering the stabil- 
ity of the banks. In sand and gravel it is necessary to drive the sheet- 
ing down at least as low as the bottom of the trench, and in many 
cases several inches below. In such cases it is always well to have the 
“plank lower” dig the earth away from the ends of the planks as they 
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are ^von, thi« making it possible to keep the sheeting at all times some- 
what below the general elevation of the bottom of the trench In 
fairly wide trenches, where such material is fairly stable, it may be 
pomible to carry the excavation in the central part of the trench from 1 
to i ft. below the sheeting, care being taken not to dig too close to the 



III!. .56 — laomefric sketch of typical trench sheeting, 

Itw from dir f the earth 
away from tkfe planks as they are being driven. 

illiistL!S''h*'i^*’*''’c^ shoring by means of vertical sheeting, is 
by Iigs. ^ and 57^ ^ companion drawings of a 

rrow trench earned to such depth as to require three sets of vertical 
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sheeting. The rangers are 16 h. in length and 6 X 6 in. in croswiection. 
the end braces being 4 X 6 in. and the center braces 6 X 6 in. (see 
drawing). The first or top set of sheeting is 12 ft. in length, the 
second 16 ft., and the third as required. The braces are shown cleated, 
which is good practice upon work of this kind. Staging platforms are 
shown extending half way and all the way across the trench, as both 
methods are commonly used. These platforms are supported by the 
braces or timbers laid across the trench on the rangers. 

The most common practice is to use shct‘ting planks sharpened with 
“chisel” edges, placed with the beveled aide toward the inside of the 



Fi(]. 57 — ^^fypical trench slieeting. 


trench as shown at A. In some cases, especially in difficult work where 
it is necessary to drive the sluMjting long distances ahead of the excava- 
tion, the planks arc beveled in two directions, as shown at B, the ob- 
ject being that the planks shall drive straight and that they shall tend 
to hold tightly against the planks previously driven. 

Figs. 56 and 57 are conventional representations of a sheeted 
trench. In practice the rangers are rarely spaced with exactness or 
the planks driven to a uniform depth. In many cases lighter rangers 
are used, as 4 X 6'in. timbers, and occasionally where the excavation is 



220 


AMERICAN SEWERAGE PRACTICE 


not. to Ix) deep, 2-in. planks are used for rangers. Upon extensive work, 
however, whore the depth of excavation will exceed 10 ft. or where the 
material to bo excavated is such as to make it necessary to shore the 
banks securely, it is wise to use rangers at least as heavy as 4 X 6-in. 
timbers, and heavier stock as may appear to be necessary from the local 
conditions encountered. 

As the upper portion of the trench, supported by the first set of 
sheeting, is the widest, it is wise to make the first set of sheeting the 
shortest, thus effecting a saving in excavation. Furthermore, the use 
of relatively short sheeting for the first section avoids the necessity of 
using horses to any great extent, in connection with the driving of the 
planks. Stages can be placed upon the rangers in the trench, from 
which th(5 second and third sets of sheeting can be conveniently driven, 
even though they are relatively long. An additional advantage in using 
longer slu'cting in the second and third sets is that by the use of 
guard rails, planks spiked to the braces, the individual planks can 
be held fairly rigid, so that they do not spring when hit with the driving 
maul as is the case wlien the sheeting used for the first set projects a long 
distance above the ground. 

In many cjises the length of sheeting adopted for the several sets will 
be governed by the stock of lumber on hand when the work is begun. 
If, however, new’ lumber is to be purchased the dimensions should be 
specified with a view' to its use, and care should be taken to purchase 
only those sizes which, by avoiding waste, will be economical. While 
very long sheeting is sometimes used, it is common practice to limit 
the lengths even of the longer sets to 16-ft. plank. Braces should 
ordinarily be of the same depth as the rangers. 

The use of a short up|)er set and a longer lower set of sheeting is 
illustrated by b'ig. 59, which shows a trench about 20 ft. in depth, 
shorwl by t w o s(d.8 of vertical sheeting. The material excavated was a 
light alluvium easily held in place, which accounts for its being possible 
to drive the lower set of sheeting so far below the lowest set of rangers, 
without mat(?rially endangering the stability of the banks. The rangers 
and braces U8t‘d upon this work were unnecessarily heavy, but were 
utilized because they were on hand. Had new timbers been purchased 
it is not likely that they would have exceeded 6 X 6 in. in dimensions. 
The sheeting w as 2 in, in thickness. 

Starting Additional Sets of Sheeting. — After the first set of sheeting 
has been driven to the full depth to which it is intended to extend, guard 
rails made of 2 X 6-in. planks are spiked to the lowest set of braces at a 
distance froifif the rangers approximately equivalent to the thickness of 
the sheeting. The second set of sheeting is then passed through the 
space between the guard rail and the adjacent ranger and placed in its 
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proper position ready for driving. If the sheeting is long, say more 
than 10 ft., it may be well to place a second guard rail on the second set of 



braces above the first Ruartl rail. This will hold the upper ends of the 
planks rigidly and prevent their springing, so that they will be more 


-A method of shoring ordinur narrow sewer trenchra. 
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readily driven than if held simply by the guard rail near the bottom. 
Additional sets of sheeting should be started in the same manner. 

It is not possible to place and drive planks in a second set of sheeting 
immediately under the braces of the first set. Therefore, as the excava- 
tion is carried down, a space equivalent to the width of the braces above 
will be left unshored. This space, sometimes called a “window,” is 
frequently closed by placing short horizontal planks behind the adjacent 
vertical planks. In cases where the material is likely to run, if exposed 
for a short vertical distance, notched planks are used. These “ notches ” 
are usually made of 12-in. planks by cutting out about 6 in. from the 
upper end of the plank, leaving the lower jwrtion, about 4 ft. in length, 
the full width of 12 in. These notches are placed under th(^ braces and 
are driven like the other planks. As they are driven a “ window ” o\ye.m 
below the braces which must be closed from time to time with horizontal 
planks set in behind the notches or vertical idling boards fastened to 
them. Notched planks must be both “rights ” and “lefts “ so they may 
be fitted under the double braces from both sides. 

Scheme of Shoring and Quantity of Lumber Used upon Light Trench 
Work. — A system of shoring narrow trenches, fronj 8 to 24 ft. in depth, is 
illustrated by Fig. 58. Tina system has been used upon a largo amount 
of relatively small sewer construction. If the boiiks are extremely heavy 
or if tlie trenches are of greater width it may be necessary to increase the 
sizes of the rangers and braces. In thi.s system the rangers are assumed 
to be 16 ft. in length and arc held in place by three braces, one at each 
end and one in the middle of each pair of rangers. 

In tliis sketch the rangers have been ])laced 4 ft. on centers vertically, 
except the lower rangers of the upix^r set and the upper rangers of the 
lower set, which are 2 ft. 3 in. on centers. The sheeting is shown driven 
to within 1 ft. of the bottom of the trench. , , • 

The quantity of luiider required for the slunding and bracing of 
trenches from 8 to 24 ft. in depth, by the system illustrated by Fig. 58, 
is given in Table 38, which also givi^ the numlH^r of braces and rangers 
required, and is based upon the use of shwtiiig 2 in. in thicknt’ss. A bdl 
of material for such trenches is given in the four parts of Table 39. 

Destruction and Loss of Lumber.-The life of sheeting depend^ 
upon the quality of lumber used and the care with which it m liandlod. 
It is possible to destroy the Ix^t quality of sheeting planks by a single 
use where the driving is fairly hard, if plank caps and reasonable care aw 
not employed to protect the ends. Where care is used to protect the 
ends of the planks, the quality of the wood is good, and the driving 
is not excessively liard, sheeting may be used a largo numl)er of times. 
Upon fight work, sheeting may sometimes l)e used from 10 to 15 timw 
and on more difficult work retjuiring hard driving, it may not be possible 
to use it more than 2 or 3 times. 

J5 
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Upon contract work, unless the contractor is reasonably sure of 
securing additional contracts, it is probable tliat the entire cost of the 
sheeting will be charged to the contratd U[)on which it is first used. On 
the other hand, where work is done by a municipal department by day 
labor, if reasonable caie is taken to avoid damaging the planks, they 
may be used over and over, and only a portion of the cost of the lumber 
charged to the first piece of work. In all cases, however, there is a 
considerable shrinkage of lumber and the cost of resharpening and 
trimming the old lumber is substantial. 

Another cause of shrinkage in lumber is theft, which, in some com- 
munities, is a seriotLs matter. In such places, if there is a consider- 
able stock of lumb(^r on liand it may be economy to employ a watch- 
man primarily for the purpose of conserving it. 

Taking into consideration all the causes of shrinkage of lumber and the 
various cla.s8cs of work upon which it is used, it may not be very far from 
correct, on the average, to allow for a shrinkage of 20 iKir cent, of the 
supply necessary for shoring the tnuicli upon a single piece of work 
3000 ft. in length. 

Rangers and braces may be us(‘d as a rule for a much longer period 
than the sheeting, although upon very h(‘avy work the effect of excessive 
pressure and of driving may make it impracticable to use them on the 
average more than 5 or 0 times; but on light work where the pressures 
are not excessive and the driving is relatively easy, they may be used 


Tamub 39 a. -Ncmhku ani> Lknuth op Planks Requihed fou Sheeting 
A Tuench % h'T. Long 


Depth of 
tronoh, 

Si'te (jf 

LoURtll of 
plankH, 
ff 

N uiuImt 

Width of plmikH, in 

_ 10 _( « j S 1 7 T o 

.Nmnbor NmnlM-r Nurubor Number NumfK*r 

8 

First 

16 

96 

115 

12S 

144 

1()4 

192 

12 

First 

12 

192 

230 

256 

288 

329 

384 

10 

First 

16 

192 

230 

256 

288 

329 

384 

16 

First 

16 

96 

115 

128 

144 

1G4 

192 


Second 

20 

96 

115 

12S 

144 

H>4 

192 

18 

First 

16 

96 

115 

12H 

144 

164 

192 


Second 

12 

192 

•m 

256 

288 

329 

384 

20 

First 

16 

96 

115 

12S 

144 

164 

192 


Second 

! 14 

192 

230 

256 

288 

329 

384 

22 

First 

i 12 

192 

2:i0 

256 

288 

329 

384 


Second 

12 

192 

230 

256 1 

1 288 

329 

384 

24 

First 

i 12 

192 

230 

256 , 

288 

329 

384 


Second 

1 14 

192 ! 

1 230 : 

256 ! 

288 

329 

384 


Aote.— In omenng shwting, esixjcially where a second set will be re- 
quired, a supply of assorted sixes should In' provided to assist in fitting 
sheeting to pipes or braces crossing trench. For single sheeting about 5 % 
and for two sets about 20% of number of planks should be assorted siaea. 
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Table 39 b.— Number or 16 -Ft. Rangers Required for Shoring a 
Trench 96 Ft. Long 


Width of trench at 
bottom, (outside 
of 2-iD. shootinK), ft. 




Depth of trench, ft. 


1 

Sise of rangers, 
in. 

W6th one set 
of sheeting 

8 ! 12 1 hT 

With two sets of sheeting 

1(1 1 18 1 20 1 22 1 24 

3 

4X6 

24 

36 

48 

48 

60 

60 

72 

72 

4 

4X6 

24 

36 

48 

48 

60 

60 

72 

72 

4 

6X6 

24 

36 

48 

48 

60 

00 

72 

72 

5 

6X6 

24 

3() 

48 

48 

(H) 

60 

72 

72 

6 

6X6 

24 

36 

48 

48 

(iO 

60 

72 

72 

7 

6X6 1 

24 

36 

48 

48 

60 

60 

72 

72 

8 

6X6 

24 

36 

48 

48 

60 

60 

72 

72 

9 

6X6 

24 

36 

48 

48 

60 

60 

72 

72 

10 

KX8 

24 

1 36 

48 

48 

60 

60 

72 

72 

11 

HXH 

24 

36 

48 I 

48 

60 

60 

72 1 

72 

12 

' 8X8 1 

24 

1 36 

48 ’ 

48 

(K) 

60 

72 

72 


Table 39 c. — Number of Pieceh and Length of Timber Required for 
Bracing a Trench 96 Ft. Lon<;, w ith Single Set of Sheeting 


(Stock timber a.s.siime(l to })c 12, 11, 16, 18 and 20 ft. long) 


Width of 





Depth of trench 



trench at 









• 

— 

bottom, 
(outside of 

rangers, 

braces. 

8 ft 

12 

ft 

16 ft. 

2-in 




Length, 

Numlwr 

Ix>ngth, 

.NumlHir 

Length, 

sheeting), ft 




ft. 



ft 


ft. 

3 

4X6 

4X6 

6 

12 

9 

12 



4 

4X6 

4X6 

9 

12 

9 

18 


. .. 

4 

6X6 

4X6 

4 

16 

6 

16 

S 

18 



6X6 

2 

16 

3 

16 

4 

16 

5 

6X6 

4X6 

8 

12 

12 

12 

16 

12 



6X6 

4 

12 

6 

12 

8 

12 

6 

6X6 

4X6 

8 

14 

12 

14 

16 

14 



6X6 

4 

14 

6 

14 

8 

14 

7 

6X6 

: 4X6 1 

12 

12 

18 

12 

24 

12 


1 

6X6 ! 

6 

12 

9 

12 

12 

12 

8 

! 6X6 

4X6 

8 

20 

12 

20 

16 

20 


I i 

6X6 

4 

1 20 1 

6 

1 20 

8 

1 ^ 

0 

! 6X6 

4X6 1 

12 

16 1 

18 

16 

24 

Id 



; 6X6 1 

6 

16 

9 i 

16 

12 

1 16 

10 

i 8X8 

6X8 

1 12 

18 ! 

18 

IK 

24 

18 


t 

8X8 

6 

18 

® 1 

IH 

12 

18 

11 

’ 8X8 

: 6XH 

12 

20 

18 

1 20 

24 

20 



8X8 

6 

20 

9 

' 20 

12 1 

20 

12 

SX8 1 

6XH 

24 

12 

36 

12 

48 

12 


i ! 

i 8X8 

12 

12 

18 

12 


12 
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from 15 to 20 times with very little waste. On the other hand, tlio 
varying widths of trench in any piece of work may seriously limit 
otherwise possible repeated use of the braces. For this reason, screw 
jacks may prove less expensive. 

Instances of Trench Shoring from Practice.— The following illustra- 
tions of shored trenches, Figs. 59 to 74 inclusive, were prepared from 
measurements of actual trenches excavated upon sewerage work in 
Louisville, Ky. The Louisville sewers constructed under the direction 
of J. B. F. Breed, as Chief Engineer, and one of the writers as 
Consulting Engineer, are illustrative of recent practice in tins class of 
construction. The diagrams were ]>repared under the inimcdiato direo- 




Fig. 59. — ^Vertical sheeting for Fm. GO Verticjil sheeting for 

5-ft. sewer. G-J-ft. sewer. 

tion of Frank C. Williams, Resident Engineer, who has also furnished 
other data contained in this chapter, and Howard S. Morse and Har- 
rison P. Wires, Resident Engineers upon this work. It is important to 
note that very little ground water was encountered in most of this 
work, even in the deepest trenches. 

In Fig. 60 is shown the timbering used to support the banks of a 
trench excavated in alluvium, which was so stable that the planks could 
be driven safely without bracing to a depth of 4 ft. below the bottom 
rangers. The braces were all 6 X 6 in. This illustration shows two 
things to be avoided ; first the weakness in the trench shoring between the 
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second and third rangers, and second, the use of braces of less depth 
than the rangers, Wliilc under the conditions encountered on this 
work, the shoring shown proved satisfactorj^ it is usually wise to place 
the lowest rangers on the first set of sh(?eting fairly close to the botr 



Fio. 01. — 7’renrlj in wvt cliiy with .snnd 
IKK'ketH. 


tom of the sheeting, 
allowing the latter to pro- 
ject from G to 12 in., and 
to keep the first rangers 
on the lower set of sheet- 
ing within 6 to 12 in. of 
the top of the planks, for 
the rea.son that where the 
banks are heavy there is a 
tendency for the sheeting 
to give way between these 
two sets of rangers. This 
trench was over 18 ft. in 
depth. 

The .shoring of a trench 
about 80 ft. in deptli in 
wot, running, sandy clay, 
i.s shown in Figs. 61 and 
62. The banks of this 
trench were of such a 
nature that the pressure 
exerted upon the timber- 
ing was unusually great, 
yet no distress was noted. 

The bracing used to 
support one of the* heavier 
trenches, in which a sower 
14 ft. by 13 ft. 8 in. was 
coastructed, Ls shown in 
Fig. 63. Three sets oi 
sheeting were used, 12 
ft., 16 ft. and 16 ft. in 
length respectively. The 
top ranger was 8X8 in., 
and the rangers below it 
on the first and second 


sets of shewing were 8 X 10 in. All of the rangers used upon the 
third or bottom set of sheeting were of 10 X 10-in. timbers. The 


braces wore of the same dimensions as the corresponding rangers, and 
each brace was eqiupped with a jack at one end, the braces being placed 
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against the rangers on one side of the trench and held in, position by 
cleats, until the other ends were lacked agtdnst the oppo^te rangers. 

This was a very heavy trench, the upper portion of it being in light 
alluvium and the lower portion in moist fine sand. The banks exerted 
groat pressure upon the timbering and some settlement resulted. 
lIl)on a portion of the work all sheeting, rangers and braces were left 



Fio. 62 —View of trench shown also in Fig. 01. 

in place after the work was completed, as it was feared that there would 
be considerable settlement of the adjacent street and possibly of 
buildings, if the timber was removed. 

Some of the difficulties encountered upon heavy work are illustrated 
by Fig. 64. The upper 8 ft. of this trench was in yellow clay or 
alluvium, below which it was in medium fine sand and fine gravel. 
No ground water was encountered. 
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There was consid(Ta])le settlement of the banks at the point repre- 
sented by this sketch, and it was necessary to insert an extra ranger with 
))racos, as shown at A. Difficultitis of this kind arc frequently en- 
countered because of hwk of etire in bracing the trench as excavation 
])rogr(*8se8, and lack of a sufficient number of rangers. It also seems 
probable that tighter bracing can be secured by the lusc of wedges than 
i)y th(‘ jack screws sometimes used. The rangers and braces upon this 
work were originally pla(!ed h'vel. 



0 


Fill. C;j.--Treneh for sewer 13 ft. Fio. 64 — Trench for sewer 14 ft. 

8 ill by 14 ft. 6 in. by 13 ft. 3 in. 

Ill Fig. (io are show'ii conditions similar to those illustrated in 
Fig. 64. 

Fig. 66 is a sketch of the cross-section of a trench in which a 12-ft. 
semi-elliptical sewer was constructed. It will be noticed that the three 
braces supporting the lowest set of sheeting came in the way of the 
concrete. The concrete of this sewer was placeil in two ofierations, the 
invert and liench walls to a height just below' the lowest brace l>eing 
jioured in one operation, and the arch above the bench walls in the 
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second operation. After the concrete of the invert and bench walls had 
been ponvod and l)ocome thorouRhly set, the hist two 8(*ts of rauRcrs and 
braces were remov(Hl and the conertite of the arch was then twured. The 
upper bra(?c of th(‘. lowt^st .set of slws'ting wtw driven up enough to 
permit the completion of the arch without removing this l>raee. The 
2-in. blocks shown at the ends of tin; braces were n^juirod becaum; the 
braces were too short. I his is an ex|KMijent often adopted when braces 
are short, and is not particularly objectionable, although it is preferable 



Fio. 05 — Sheet ing for sewer l.‘l Fi<u 06 — Sheeting for sewer 12 
ft. 3 in. by 12 ft. 1 1 m ft by 12 ft 


that the braces be of .such a length as to avoid the use of blocks other 
than wcdge.s. 

A sketch of the cross-Hcct ion of a trench in which a 12 X 12-ft. 
scmi-ellij)tical concrete sewer was con.structed is shown in Fig. 67. 
TIutc was considerable settlement of the banks and shotting. To 
avoid the; slipping of the rangers and braces they wen’ tied together by 
cleats, as shown. The upi)er 10 ft. of this trench was in alluvium, IjoIow 
which it was in sand and gravel. Jack screws were not us(‘d upon this 
bracing, the struts Ix’ing cut long enough to require hard driving. 
Better results might }M).Hsibly tiave bwui obtained by winiging the bra^^js. 

In Fig. 68 Is shown the cross-section of a trench in which a 12 X 12-ft. 
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sonii-elliptical concrete sewer was constructed. This sketch shows the 
position of the Carson trench macMne used for hoisting the excavated 
material from the trench. This machine was carried on tracks laid on 
10 X 10»in. stringers, supported by the ground on either side of the 
trench. At the left of the trench machine and attached to it will be 
seen the frame which was used for supporting a steam plank-driving 
hammer and the plank-pulling apparatus. It was necessary to re- 
move at Iciist tliree sets of rangers and braces after the invert and 
bench walls had been placed and become thorouglily set, before the 
arch fonns could he placed. 



Fio. 07 — Poor sheeting for 
sower 12 ft. by 12 ft. 


Fic;. 08 — Good sheeting for 
sewer 12 ft. by 12 ft. 


Box Sheeting.— Horizontal sheeting, sometimes called “ box sheeting," 
is sometimes used where the material excavatod Ls such that the banks 
will stand untimberod for a ccmsiderablc length of time without great 
danger of their caving. With it less care need be taken in trimming the 
banks of the trench plumb than in the case of \'ertical sheeting, as it is 
not absolutely necessary', though it is preferable, that each plank be 
plac^ directly under the one above. After the excavation has l)een 
carried as deep as practicable without bracing (usually the width of 
three or four planks), the planks are placed along the sides of the 
trench and held in position by 2-in. cleats placed vertically at each end 
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and usually in the center of the planks. Those cleats are in turn tightly 
braced by means of ordinary wooden braces, with or without the us© 
of wedges, or extension trench braces. As the width of the trench 
between the opposite planks is likely to var>% extension braces are to 
be preferred to the ordinary driven brace, as they are more readily 
adjusted and by their use the trench may be more quickly braced. The 
extension braces are also preferable, as there is little or no jar in con- 
nection with placing them, while if driven braces are iwed the jar 
resulting from the driving may be sufficient to endanger the banks. 



Fig. 09 — Box sheeting for 
45- in. sewer 



Box sheeting has been used in some cases where the material ex- 
cavated was very unstable, such as coarse gravel and dr>' sand. In 
such cases the excavation can be carried only deep enough to accom- 
modate a single plank at a time. Each set of planks is temporarily 
braced until the trench has been carried deep enough to accommodate 
uprights supporting throe or four planks, after which the uprights, with 
one or two braces against each pair, may be sul^stituted for the individual 
plank braces. In this class of material box sheeting may be more 
expensive and troublesome than vertical sheeting, but it is quite useful 
under certain difficult conditions, as for example in trenches between 
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car tracks or under structures which interfere witli tiie placing of 
vortical sheeting. Tlie use of the wood(‘n horses and temporary stages 
required by plank drivers Is also avoided by the us(^ of box sheeting, 
which is often advantageous, espi'cially in narrow sirw^ts. 

Sometimes tht^ first few feet of ex(%'ivatiori may be in dry clay, alluvium 
or other material wliich will stand fairly well, wliile beneath this 
stratum sand or gravr*l may be encountered. In such cases a combina- 
tion of horizontal sheeting on toi) and vertical sheeting })elow, may be 
used with succ(!ss. 

Fig. ()9 shows a tnmeh about 12 ft. in d(‘[)th, the banks of which were 
supi)orted by two sets of box slus'ting, each three ])lanks in depth. 
The })lanks iis(‘<l wer(' 2 in. thick, 12 in. wide, and 18 ft. in length. The 
ch'ats were 2X12 in. and 3 ft. in hmgth. Exttaision braces wen; used, 
as shown in the sketch. The material excavated ;\as a dry alluvial 
clay. 

Poling Boards. — This metliod of timbering is similar to that of 
v(‘rtical sheeting, (‘xc(‘])t that short planks 3 or 4 ft. in haigth called jioling 
boards an' used and the sheeting is placed again.st the banks from time 
to time as the excavating jiroceeds instead of being driven. The planks 
are placi'd vertically against the properly trimmed banks, and are 
supported by means of rangers and lirai'es, as in tin; case of vertical 
sluH'ting. In some c.ases where the banks stand W(‘ll it is po.ssible to get 
along with a singh^ set of rangers and braces for one set of poling boards, 
as illustrated in Fig. 70. This, however, is not as sab' as the mt'thod 
shown in Idg. 71, where tw'o sets of rangers and bra(*es an* used for 
each set of poling boards. The nature of tlu' material in which thi' 
trench illustrated by Fig. 70 was excavated W'as such that, a space 
of from () to 12 in. could be safely left unsupported bet wi'C'ii the bottom 
of one K(d of iioling boards and the top of th(' i^'t next, below. 

Where this method of slutting can be usird, economy in excavation 
will result, because' the trench will be of the same w idth from top to 
bottom, regardless of depth. Thus wdtli a trench sufficit'iitly deep to 
rc'quire tlirw' si'ts of vertical .sheeting, a saving of about 3 ft. in wddth at 
the top and about 1.5 ft. opjiosite the si'cond set of shei'ting, will result 
from the use of poling boards. Short picct's of jilank w Inch accumulate 
on sewer w’ork reciuiring some vertical shwding can lie advantageously 
used for {wling boards, so that a combination of poling boards and 
vertical sheeting often proves economical. The use of poling boards 
has the same advantages as the use of box siu'C'ting, in that they do not 
project above the surface of the ground at any time. 

The chieftiisadvantage in the use of poling boards lies in the fact that 
if there is a collaj>se in the timl>ering of any portion of the excav’ated 
section, resulting from the nmning out of the. material behind tlie 
sheeting, serious deformation or even coUaixse of the entire timbering 
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of the section may result. The danger of this is much greater with 
poling boards than with vertical sht'etiiig 
An illiustration of slu*eting by means of sets of poling boards many of 
which wore braced by single sets of rangers and braces, is shown in 
Fig. 70. Th(^ upi)er portion of the trench, to a depth of about 18 ft., 
was in dr>^ alhn ial clay, the lower portion in sand. The j:K)ling boards 
were 4 ft. in length and were supported by 6 X S-in. rangers and 
driven braces of the sain(‘ dimensions. Where the lower portion of the 



trench Is shored with vertical she(iting, it is necessary to excavate the 
upix*r portion siifliciently wide to provide for placing the vertical sheet- 
ing planks inside the upper r^mgers. 

Theoretically there may be .some advantage in placing poling boards 
in u slightly inclined position, although there is more danger of the 
slipping of the rangers and briwung. This method is illustrated by 
Fig. 71. The upper jKjrtion of the trench was shaded by means of 
poling boards 2 in. in thickness, each sot l^eing supfwrtod by two sets of 
rangers aiui braces. The i>oling boards were inclined into the trench 
at the top and out at the bottom and the bottom of each set was slightly 
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fMjhind and below the top of the next lower set. Poling boards set this 
way have been used with a single set of rangers and braces on the theory 
that the bottoms of the upper set of boards cannot be forced in while the 
tops of the planks below are braced against them. Fig. 72 illustrates 
the method of supporting the banks of a deep trench with poling boards. 
The upper portion of the trench was excavated to a depth of about 
10 ft., the banks being sloped at an angle of about 45° and unshored. 
Below this to an elevation slightly below’ the top of the sewer, the 

banks of the trench were sup- 
ported by means of poling 
boards alx)ut 4 ft. in length, 
each set of w'hich was sup- 
ported by a single set of ran- 
gers and braces. Below the 
lowest set of poling boards 
a set of vertical shcc'ting was 
driven and supported by two 
sets of rangers and cross- 
braces. 

The material excavated 
from this trench w’as dry allu- 
vial clay for a depth of about 
10 ft. from the surface, below 
w'hich dr>’ clean sand w’as en- 
countered for a depth of 
about 25 ft., the last 4 or 5 
ft. being in water-bearing 

, , ^ , sand containing some small 

sheeting for 4-i-ft. sewer. gravel 

Poling boartls are particularly useful when it is necessary to excavate 
below existing structures which project into the trench, thus preventing 
the placing of vertical sheeting. In Fig. 73 a trench of this kind 
is illustrated, in which a 20-in. w’ater pijx) and a 4-in. gas pipe were 
oncouiiterod. The trench was opened sufficiently wide to expose these 
two pijKJS and to j>errait taking out the gas pipe. Below the 20-in. 
water pipe, although the width of the trench w’as decreased, the face of 
the bank was under the pipe so that it was not practicable to support it 
by means of vorticsl sheeting. The character of the material ex- 
cavated was such tliat the banks would stand wliile the excavation was 
being carried down about 4 ft. When this depth was reached poling 
boards werS placed and securely brac^jd. The lower portion of the 
trench was shored by means of vertical sheeting. 

Stay Bracing. — When the excavation is in hardpan, dry clay, or dry 
loam, it is often unnecessary to pro\ide close sheeting, although some 
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support for the banks may be needed. In such oases stay bracing, or 
skeleton sheeting, will prove economical. The simplest form of stay 
bracing involves the placing, at intervals of 6 to 10 ft., of pairs of 
vertical planks braced tightly against the banks of the trench. The 
braces may conveniently serve as supports for staging platforms in 
trenches which are sufficiently deep to require that the material be 
staged out. 

If a trench must be left open for several days, the use of stay bracing is 
not to be recommended unless conditions are esjHH!ially favorable, 
as heavy rains are likely to soften the banks and cause cxjKsnsivc and 
dangerous caving. 



Fio. 74. — Trench in alluvium; stay bracing 

Fig. 74 clearly shows the method of supporting the banks of a trench 
by means of stay braces. In tliis case, each pair of stay braces was 
supported by a single brace, some of which wore 6 X 6-in. timbers, and 
others consisted of two 2 X 6-in. planks. 

Skeleton Sheeting. — In some oases where it is difficult to determine 
prior to the completion of the excavation, whether or not it will be 
necessary to use vertical sheeting, skeleton sheeting is used. Thia 
consists of the usual rangers and braces with planks between the rangers 
and the banks of the trench opposite the braces. By putting in these 
frames, it is possible to slip planks in later without delay wherever 
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fourwl n(‘r(‘.ssary. It is often desira))lc to place such planks at intervals 
of 2 or 3 ft. where it is unnecessary to provide close sheeting. 

Danger Due to Previous Excavations.—When a trench is excavated 
through natural grourifl which lias not before Ix'en excavated, the banks 
aiv not likely to cave until excavation has reached a depth of 3 to 5 ft. 
it the excavation is in loam, clay, liardpan, or other similar material. 
If, how(‘V(‘r, the ground has bemi previously excavated and refilled, or 
if a trench has Ixsai e\ca\at('d and n'filled parallel to the trench under 
consirleral ion, t he baidvs an' \ ny hk(*ly to cave m and the shoring should 
b(‘ placi'd b(‘fo!(' llu‘ in'iich has been carried to an unsafe depth. For 
this reason the e\ca\alion of trenches in the ohh'r city strei'ts likely 
to ha\(‘ bcH'ii e\ca\ ail'd for water and ga.s pipes, or for conduits, is more 
hazardous than similar e\ca\ations in new and undevi'loped territory 
not likely to ha\(' been disturbed by excavation. Similarly, excavation 
in filled land is always tn'achi'roiis and reipiires bracing and sheeting. 

Bracing Curves. - \\ hi'ii a si'wer is to be constructed around a curve, 
the trench ks geiK'rally laid out on chords of a length dependent upon 
till' d('gr('(' of cur\'at iiri'. The ('uds of the rangi'rs are cut on radial lines, 
thus making the outi'r rangi'rs longer than the inner rangi'rs. It is 
di'sirabh' to lia\{' thi' braci's nearly at right angh's to the rangers but 
wlu're th(' curve is vc'rv sharj) this is not always jiracticabh'. Whenever 
tlu' braci's are not placi'il substantially at right angles to the rangers, 
cleats or slant jilanks .should be si'curely spiked against the rangers on 
both sidi's of ('ach braci' to pri'vent it from slijiping. In sonu' cases 
when* the banks of tlu' trem'h are not very heavy, it may be jio.ssible to 
excavate tla* t rench on the hue of the curve and instead of heavy timbers 
one or two thickiu-sst's of 2.in. planks bent to the curve may be used for 
rangers. In such case's it will usually be helpful to scarf with a saw tho 
inner side of (‘ach plank at intervals of 4 to S in. to a dc'pth of from 1/4 to 
1/2 in. to aid it in taking the curve without cracking or breaking, the 
inner side n'fern'd to Ix'ing the sidii of shortc'r radius of curvature.' 

Jetting.-- Wlu're .vhei'ting must be drivf'ii much alu'ad of (‘xcavation, 
it 1 .S occasionally found impo.ssibIe to make substantial progre.ss in 
the driving of .sheeting by ordinary methods. In such ca.sevs a jet of 
waiter may la* fori'i'd into lh<* soil just Ix'low the bottom of the plank 
so tliat as th(' soil becomes softened the plank can be driven with 
comparattvi' ('as(‘. 

In some ca.si's the lH)ttom of each jdank is fitted with a special ap- 
pliance by iiK'ans of wlucli the j('t of wati'r is introduced into the soil 
Jininediali'Iy below the jilank. In ollmr ca.si's the wati'r may be con- 
veyixl to tli{i»'low('r (‘ud of the sh(*eting by a 3; 4- or 1-in. piiie, indo- 
|K*ndent of tlu* sliei'ting it.si'lf, and puslu'd down by hand. Where the 
planks are fitted w ith sjM'cial jetting shoes, it is economical to drive them 
ii considerable distance lielow the bottom of the ta*nch at one operation. 
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llic efficioncy of the jetting inotluxi (lefu’iuls u[>oii the resulting 
increase in the fluidity of the material itito which the slu'cting is to be 
driven. 

Pulling Sheeting.— Pulling, or drawing, wooden slw'eting is ordinarily 
a quick and sinqile matter if proper appliance.s are at hand. If the 
planks are long or if steel piles are used, steam or electric power (am be 
advantag(‘ously utilized in pulling them. In such cast's a win* cable or 
chain should be throwm around th(‘ planks as low' dowm as pttssible and 
attached to the hoisting rojx^ of the engine wdth which they are to bi^ 
pulh'd. Oftt'ii sev(‘ral planks can be draw'n in this manner at one 
op('ration. A\ h(‘re slu't'iing is juilh'd by hand each plank is withdrawn 
si‘parat(‘ly, a convenient apparatus for this being a hwerand jilank clamp, 
I'ig. 99, j)ag(' 2t)2. It is a U-shaj)ed iron casting, the haigth of tht' T 
Ix'ing about S in. and the width varying according to tin' tliickni'ss of tlu^ 
sht't'ling iuit usually being 2 in. To this clamp is attacht'd an iron ring 
into which tlu' hook on the end of tin' h'vtsr engages. As tlu* idank is 
pulh'd a distance of about a foot, the* lev(T is raised, the clam]> slijipi'd 
down and a new hold taken upon th(' plank. 

Where it is neci'ssary for the backfilling to be thoroughly tamjied and 
the sjiaee oecupii'd by the sheeting to b(' refilhxl to reduc(‘ tlu^ danger of 
settlf'inent to a minimum, it may be desirabh' to draw the shreting a b'W 
feet at a time as the backtilling progre.ssos, in.stc'ad of pulling it entirely 
out of the trench aft('r tin' backtilling is conijih'ted. Py the former 
method a laUte.r opportunity is aflordi'd to fill comph^ti'ly the voids 
b'ft by tlm withdrawal of tlu' plank, and to ram the mat ('rial thoroughly. 
In eas(*s where such care is unin'ci's.sary tin' .sheeting may be withdrawal 
and the voids filled with fine, n'latively dry mat('rial which can Ik' 
consolidated by tlie u>e of long, narrow rammers or by watiT. While 
in most cas('s it is practicable to witlidraw tlu' sli('(‘ting a few f(iet at a 
time, it is ahvay.’^ incon\ enient to do so and it adds .somewliat to the cost 
of tlu' work. 

LUMBER 

Kinds of Lumber. — The kinds of lumber us(‘d for shoring trenchos 
vary in different jiarts of tin* country, in the liast the us<; of sjiruci' was 
formerly almost universal, although tlu^ .scarcity and incr(uis<'(i cost of 
tliis kind of timber in na'cnt years have hid to tli<' more gi'iieraj uwt 
of long leaf yellow pine. Hemlock hies lietiri used in some communities, 
with some success, although it lia-s gencrall}' hei'ii found inferior to 
either spruce or pine. In the Middle \\(ist and .South, yellow pine is 
largely used, although luird wood, such as oak, is used in many places. 
Oix'gon pine is generally cnij>loy(*(| in trenehi's on the I’acific Coast. 
Ordinarily the first co.st of th(' timber is an important if not the chief 
con.sideration. If tho slieeting nxjuire.s Jiard driving, it is advisable to 
lu 
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get a soft tough wood or a hard strong wood. For this purpose spruce 
proves very satisfactory and oak will stand driving fairly well. Hem- 
lock is likely to splinter and is not usually satisfactory where hard 
driving is necessary. Oak is likely to warp and prove difficult to handle 
on this account, and is also heavy. On the whole, spruce and yellow 
pine appear to bo the most satisfactory kinds of lumber for the bracing 
and sheeting of trenches. 

Planks for sheeting should not be over 10 in. in width, except notched 
planks, nor less than 6 in. It requires about the same amount of labor 
to drive a plank 4 in. wide as one 8 in. wide, but two 8 in. planks can 
ordinarily be driven in about the same time and perhaps with less 
exertion than one plank 12 in. in width. It is considered by many, 
e.8pccially in the eastern part of the country, tliat 10 in. is the most 
desirable width of planks for ordinary sewer sheeting, as they are not so 
wide as to cause difficulty in driving and there are not so many to be 
handled as if narrower planks are used. 

Dressing Ltunber. — The lumber used for sheeting and bracing 
trenches is generally square edged, sawed stock, although round 
timbers may be used for braces and rangers. Planks for poling boards 
and box sheeting require no dressing, although they should be of ap- 
proximately uniform thickness and length. Hangers (commonly 16 ft. 
long) should bo of uniform length so that the braces of the several sets 
may come directly under each other. 

If it is practicable to saw the braces to the desired length in advance 
of their use, it will be found that the bracing will be done more expedi- 
tiously than if each brace is cut to measure as required, although the 
latter method is sometimes necessary upon heavy and difficult work. 
Braces should be beveled along their vertical edges, the corners about 
1 in. each way being cut off. This will facilitate driving and also 
avoid a tendency toward splitting. 

Planks for vertical sheeting are generally beveled for a distance of 
about G in. from one end. They should not be beveled to a sharp edge 
but the thickness should be made about 1/2 in. In some cases, espe- 
cially where the planks are to be driven a considerable distance below 
tlie bottom of the excavation, as in quicksand, it may be advantageous 
to bevel both sides of the lower ends of the planks, thus avoiding the 
tendency for the planks to be forced either way from the desired line of 
sheeting. If there is a tendency for the planks to separate as they are 
driven in advance of excavation, it may in some cases be overcome 
by cutting tlje lower ends on a slant, as shown at B in Fig. 56. When a 
plank is cut in this manner the tendency is for it to be forced by the 
ground which it penetrates tightly against the plank previously driven 
adjacent to it. 

Vertical sheeting, especially where soft lumber like spruce or pine is 



SHEETING AND BRACING OF TRENCNES 


m 


used, should bo dressed at the top to receive plank cape, which will 
protect the ends from brooming under the driving maul. Care should 
be taken to dreas the planks sufficieiUly so that the cast-iron caps will fit 
loosely upon them, as a driving fit will result in cracking and breaking of 
the caps. 


STEEL SHEET PILING 

In recent years since tlic cost of lumber has become so high and the 
quantity of heavy engineering foundation work has greatly increased, 
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Fio, 75. — Ljickawanna steel sheet piling. 
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Fio. 76.— Lackawanna arched web piling 


steel sheet piling has come into common use, particularly upon ooffer- 
dams and foundation work near bodies* of water. Several types of 
steel piling are shown in Figs. 75, 76, 77, 7H and 79. Thus far com- 
parativdy little sheet steel piling has been used for the curbing of or- 
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(linjiry Kcwcr trenches, ulthmigh tliere have Ixhmi a nuniher of instances 
in vvliich it iuis been successfully used on this class of work. Steel 
piling IS not as easily handled, d‘i\’eii or pulled as ]>lank, but its 
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Fig. 77 - I nifcil Slitlrs .slt‘el .sheet pilmy (( ’.•inieajc Steel C'ci ) 

life IS obviously much loiiiier, its upon ordinary work it can bo used 
over and over a^ain witlunit serious depreciation. 

Tile hea\ ier types of jiiliiiK must be driven with power hammci'S al- 
though some of the lighter types may bedn\ en by liand. It is necessary 
in most cases, to withdraw the sheeting by power. 



The dimension.^ and wtaghts of st«H*l piling made by the Laokawanna 
SttH*l Co., the (’arnegii' Steel ( o., the Join's & l.aughlin Steel Co., and 
the Wemlinger Steel Filing (k>. are given in Tables 40 to 4Ik 
Fig. iJO illuatrates the method of sheeting a trench with steel piling. 
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Tawlk iO.—DiMENsiON.s AND Wkkjhth OF Stekl Siiekt Tu.iNa Maub 
HV Laok^wanna Stkkl (\), HU 2 {Fio. 75 ) 



^ '•**■*'' II 1)imi:nmo\s, W kiohts a\i> Piivnicvi, PiioiM:K'j‘iKy ok 
\\ lmi,i\(;kh Steki. Siikjt Pilino (Imo. 7‘>) 



‘TviK’t A. H, (*«).] ( !tn- with oru*. tw,,, thrr-. . or any roinilMT of nl.nrt rtipM, 

an df'Hirnd 


* ('orrii({at»‘<J l niaoi jjiJiiik, Jm-uhj rnttflo from |»laU>i, m Huhjro-t to b variHliorr in 
wroiciit of 2 1 J p»i r-r-iH. abovo o bfloi* On- Oo'nrftKal m tt«'r</nliinf»’ witli tiin 

Mitniifacmrfrs’ Stamlrtrii fn iili tli<* vnifiti iwr ^luarf/ foot i» gjvca 

lot tb« •!)(?«( j/iUng laterlpckeri aud, tbercfore, iacludc* the ovt >^>nir. 
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Fio. 79 — Wcmlinuf'r steel sheet pilinf^. 



Fio. 80.~-8teei sheet piling with timber rEogers and braces. 
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It will be noticed that wooden waling pieces and braces were used to 
shore the piling and i)rcvent tlie banks from caving. One of the diffi- 
culties in the use of steel sheeting is the holding of the rangers in the 
desired position, as there is .a decided tendency for them to slip out of 
place because of the la(;k of friction between the steel and the lumber. 
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Ordinary pile drivers are used with much of tlio steel sheeting sunk 
today but there are on the market a number of steam operated hammers 
which have Ix^n succeasfuUy used for the purpose. Several of those 
hammers are illustrated in Fig. 84. Table 44 gives the weights and 
dimensions of the Warrington steam hammers, made by the ^’nlcan 



Lever 

Fio 82 


Cwriit fulkr. 

—Devices for pulling steel sheet piling 


Iron Works, and of tlie sizes of i.ilin* and shwtinK for which they may bo 
wfely used. The larRcr sizes were dcvcioiicd primarily for pile driving, 
but arc sometimes rc<|uired for sh*l sheet piling. For examplo the 
No. I size was used by W. A. Fargo in driving 30-fl. piles through sand 




Fia. 84. — Steam hammers for driving piles, steel sheet piling or plank 
sheeting. 
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and gravel, using a castriron follower on the top of the pile, then a wood 
block about 20 in. long and 15 in. in diameter and then a 1-3,/R-in, 
circular steel plate 13 in. in diameter. 


Table 44.— WEianTs and Dimensions or Warrinoton «Stbam Pile 
Hammers (VttLeAN Iron Works) 



1 -s :S 


^1:! 

s = ' S ' f 1 ■. 





der, ovor all 



: » i § 





£ . c i " Is s 

Duty, 



a 

c 

a 

a S 

1- i. 

I:lr»i|s 

X t x , X' w jr j 

HIKO of pil«« 
or piliitK liammvr will 

y. 

X 

Total 

pound 

W'eight 

ja 

V 

X 

Width, 

£ 

a 

X 

l>iam. 

Stroke. 

•IHve 

0 

in.OlK) T.-VK) IKO 



lOJ 48 

(Ml (W) ! 2i 20 ' 9) 

Heavy concrete pile* 

1 

.’j.DOU 144 



i:t| 42 

70 40 2 20 1 8| 

18 in nq or rd pile* 

2 

(K.'KX) 3.0(X) I.IH 



101 :w 

' 70 2.'i , IJ 19 1 7J 

14 III m| or rd piles 

a 


9(1 



H ;w) 

80 18 11 18 : 01 

10 III Mq or rd plltHi 

4 


S4 



4 24 

80 8 i , 14 41 

4 in y 12 in. shmttitig 

■'» 

m) 


10 

10 

4 71 .MM) 10 1 . . ; 

.’till X 12 in aheeiing 


TIMBERING TUNNELS 

In 8om(! kinds of material as, for example, hardpan, it is fwssible to 
excavate a tunnel drift for some distance without the use of shoring, in 
others a.s, for exnmide, loose gravel, it is absolutely necessary to drive 
.sheeting in advance of the excavation in order to prevent the sand and 
stone from rolling into the licading. 

The material iniinediately overlying the tunnel is free to fall into it, 
but the arching action of the earth above prevents the sliding of a large 
prism of earth extending from the tunnel to the surface of the ground, as 
might Imj the caw' if the material were without friction and there were no 
arching effect. Even where; a tunn<;l is driven through relatively loose 
gravel, which niris badly, it is not common to encounter excessive 
pressures, though the gradual running of the gravel may cause a move- 
ment of the material all the way to the surface of the ground. On the 
other hand, w'here the tunnel is driven through fine sand containing 
considerable water, or through a wet clay, perliaps containing some 
sand, the pressures exerted upon the tunnel shoring are often very great 
and may even approximate hydrostatic pressures. 

As in the bracing of trenches, it is of the utmost importance to prevent 
the movement of the material immediately outside the tunnel. To 
accomplish this it is necessary for the timbering to follow the excavation 
closely, and in materials which are likely to run, the planking should 
be drivm slightly ahead of the excavation. 

Most tunnels in rock require little or no timbering. In some cases, 
however, where the rock is rotten or where there are seams of clay 
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hetwcon strata of rock, it may l)c necessary to put in strufa to prevent 
the rock from slippiiis mto tlic cxcaviition and it may even be necessary 
to nhcct a tunnel if the rock is Imdly disiniegrtited. 

Great diffieulty is oncountenHi in sheetinf^ tunnels driven in rock 
so overlaid with soil that the ujipor portion of the tunnel is in earth. 
In such cases the upper part of the drift is first carried forward in the 
earth and securcily tiiribcrcKi, after which the rock is drillefi and blown. 
Great care is required in tbjs latter operation to prevent blowing out 
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This tunnel was driven in sections about 6 or 8 ft. in length without 
the use of shoring. After a section had been completed the caps and 
legs, which were of 6 X 6-in. spruce timber and 2 ft. 6 in. center to 
center, were placed in position and short ])oliiig boards slipped in beliind 
the legs and over the cajw. The caps and logs wore so placed that it was 
necessary to drive the f)oling Iwards slightly to force them into their 
proper jwsitions, fhu.s providing a finn 8up|)ort for the soil outside the 
slaxiting. The legs were .supiK>rte<l on footing blocks and wore braced 
acro.ss the top by 2-in. plank, spikwl to the underside of the cap pieces. 
This tunnel stood for H«*veral months before the masonry lining was 



Fio. S(i — Tinihenng in a Vt'orccstcr st'wer tunnel in hardpan. 


constructed and showed no signs of excessive pressure. It was about 
6 ft. high and 6 ft. wide at the iMittorri and al>out 4 ft. wide at the top. 
Such tunnels an^ sometimes tiinUTod by placing caps and legs closely 
together, thus avoiding the use of {xiling boards or sheeting. 

In dry clay it w usually tK)ssil)le to drive tunnels in advance of 
shoring, as in hurdjmn, but if the clay is moist, and esyxeially if it con- 
tains veins of water-bearing sand, the [)r«wures exerted are likely to bo 
heav}' and to follow very quickly after the drift is excavated. The 
shoring of a tunnel in such clay soils should Iw strong and tightly wedged 
in order that the drift may hold its shape and position when the pres- 
sures become fully developed, and it is generally necessary to drive close 
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sheeting about the legs and caps. The work should bo performed as 
rapidly as possible because the continual working of the clay under the 
feet of the laborers cause^s it to assume a semi-fluid condition, which 
makes it very difficult to so place and support the legs that they 
will withstand the pressures put upon them. Where the material is 
bad, it may bo helpful to provide a plank flooring upon which the 
laborers can walk and thus prevent the constant working or kneading of 
the clay. The legs should be supported on ample footing blocks, or 
stringers running entirely across the heading, and in some cases must 
be sunk into holes a foot or more below the bottom of the tunnel in 
order to provide a soil footing sufficiently hard to withstand the pres- 
sure. While these pnicautions are all important, the secret of success 
in driving small tunnels in material of this kind lies in rapid excavation 
and, if possible, in prompt lining of the tunnel so that the work may be 
completed before the material has reached the semi-fluid condition 
alluded to. 

Timbering Tunnels in Gravel and Sand. — In gravel and sand it is 
necessary to drive the sheeting as fast as the excavation is made and in 
some cases it should l)e drivf'n ahead of the excavation. A type of 
timbering often used in small tunnels in such ground is described in an 
article {Jovr, A.sw. Eng. »SV>C8., 1905) written by Rufus K. Porter, at 
that time Assistant Engineer in the city of Newton, Mass. This type 
of timbering is illustrated by Fig. 87 (made up from Mr. Porter’s 
article) and Fig. 88 (Hupt. of Sewers Rpt., Worcester, Mass., 1899). 

Ordinarily the first step in driving a tunnel of this kind is to put down 
a well-sheeted shaft. After this has been done, the method of procedure 
at Newton may bo followed. Two lines of holes, about 18 in. apart, and 
covering a space as long as the cap piece, were bored through the planks; 
each plank was then chiseled out and a 1-in. board set in behind it and 
secured by wedges to prevent the face of the bank from caving in, as 
illustrated in «, Fig. 87. The first frame, consisting of a cap and two 
legs, securely cleated, as shown in 6, Fig. 87, was then set in 
place adjacent to but not quite touching the sheeting. The roof lagging 
pieces were tlu’u sot up, the front ends resting upon the cap and the rear 
ends upon a temporary supimrt, the center passing under and being 
wedged down from a heavy timber running across the shaft, which in 
turn was braced down from the rangers as illustrated by c, Fig. 87. 
The breast boards, shown in a, were then dropped about 2 in. and the 
roof lagging was driven into the loose dirt behind the sheeting. After 
the roof lairing had l>een driven far enough to prevent the material from 
running from behind the sheeting, the breast boards were removed and 
the soil behind them was allowed to run into the shaft until it had as- 
sumed its natural slope. 

The upper side lagging pieces, one on each side, were then entered, 
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being in the} same inannor as tiic roof plank. As the roof was 

given a pitch of 1-1/2 in. to the foot, the upper side lagging piece on each 
side was so ta]')ered that its under side would be level when in its 
proper position, as illustrated in d, P'ig. 87. Where the material was 
verj^ wet and troul)lesome, several of the side planks were so tapered as 
to give the sitl(*s a distiind downward inclination. 

After tiui roof lagging had been driven in about 3 ft. the sand was 
partially excavated and a temporary cap or ‘Miorse-head” was set up, as 



Fig. 88 — Timbering in tunnel through soft ground, Woreester. 

in c, Fig. 87, to prevent the plank from crowding down. The dotted 
lino in e shows the extent to which the sand was excavated Ixdorc this 
horso-hoad was inserted. The horse-head wtis placed by first removing 
the dirt immediately under the roof and forcing the cap piece tightly 
against ^e under side of the roof plank, after wliich a trench was cut in 
the center of the heading and a short temporary leg and prop placed 
under the cap piece. As the excavation proceeded the side legs were set 
in place and tightened with wedges. 

After the horse-head had been set and thoroughly wedged against the 
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roof, the lai^ng was driven to iu full length, as shown in /, Fig. 87. 
which also gives an idea of tlic extent of excavation up to this time. The 
ground was then carefully cut away under one roof plank at a time and 
breaat board was set up vertically under its forward end to 
hold the earth from running into the heading. These boards wore 
pnerally sot on a footing jilaiik and sccurcKl at the top by wedges, thus 
helping to support the roof. 

Iho next cap was llien placed against the brt'ast boards, on top of 
wluch were place<l "cliocking blocks,” 7 in. long, 2 in. wide and 3 in. 
thick. On toj) of the.se blocks was set a wealing board 2 in. thick and of 
the saiiu* length as the caj). 

After this cap piece had been adjii-sted, the two iipiicr side lagging 
pi(!ccs on each .side were driven in flush with the breast and wedged 
against the cap. thus securing them finniy in jilace. A temporary center 
jirop WH.S next iiLscrtcd under the cap, a narrow trench being excavated 

2*6 , 2 “ Hoof Chitting 


Fit; 80 — TiiiilKjring in a Louisville sewer tunnel 

for tliat puipose. The prop was then wedged tightly against the cap 
piece wluch in turn raiscil the waling Imard so timt it bore tightly against 
the roof and supixirtcd it so that the temporary horse-head could lie 
taken out when it intiTfcrcd with the work. Two timliers about 10 ft. 
long, callc<r‘the bars," were then placed with their ends under the cap 
butting against the breast boards just placed. Thesi- timbers rested on 
legs hanng a solid foundation previously prepared, g. Fig. 87, the hack 
ends passing under and being wedged down from the cap pieces liehind 
I he renter prop was then nmiovinl, the roof Iwing supported by the bars, 
and the whole width of the breast was cut down at once. As the material 
was too wet to stand with a vertical face for more than about 2 
ron., the excavation liad to l>e done very quickly. The work was 
begun at the top and the material removed for a depth equal to tlie 
width of a bulkhead plank, which was inserted as soon as the exoava- 
tion had Ixsen completed. 

^ it was unsafe to rely upon the bars for the support of the roof for a 
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very long time, center props were placed as soon as possible. When the 
material had been excavated as far forward as the sheeting would permit, 
the process described was repeated. 

In Louisville, Ky., 1909, under the immediate supervision of Howard 
S. Morse, Resident Engineer, a portion of the Beargrass intercepter, 5 ft. 
2 in. by 4 ft. 11 in. in size, was built in tunnel driven through fine, dry 
sand. The method of timbering tliis tunnel and the dimensions of the 
timbers are shown in Fig. 89. 



AlTemate Views. 

o' 5' (0‘ 

L- > ■ I ■ ■ ■ , .1 

Fio. 90 —Typical erewn-lmr system Fnj 91 -Typical arch-timber sys* 
of timbering for large tunnels. fern of timbering for large tunnel®;' 

Timbering Large Tunnels. — The timbering required to support the 
earth about large tunnels is frequently (juite complicated. In some 
cases small pilot drifts are carried ahead of the main portion of the 
tumid and the timbering started from these is carried around the tunnd 
until the entire excavation is made. In other cases, pilot tunnels are 
driven at the sides or in the center of the bottom of the tunnel and 
from these the timbering is gradually worked out until the entire secti<|ft 
has been excavated and timbered. Several interesting types of timbering, 
for l^irge tunnels and subway excavations are given by J. C, Meorf 
(Trans. Am. Soc. C, E., vol. lx, p. 20) from which Fig. 90 is takenX 
illustrating one such method. This is that known as the “crown-ba? 
system, in which “it is customary to drive the bottom drift ahead of idl,; 
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other woric aod foUow this closely with a top drift. The bam am 
jdaeed in position in this top drift, the poling boards are driven o§ 
approximately as shown, and the bracing is erocted as the excavation 
proceeds. Where this type of bracing is used in rock tunnels it is, of 
course, unnecessary to drive a Iwttom drift, and th(‘ arch timber bracing 
shown on the left is usually put in underneath the bars as soon as the 
depth of excavation corresponding to the springing lino of the structure 
has been reached. It is thus seen, Fig. 00) that, for the bar system 
alone, a circular tunnel of the size shn^h’by "the, outer ring could be 
constructed, whereas with the arch timber bracing remaining in place, a 
tunnel no larger than that shown by the inner ring could 1)0 built." 

The author points out the impracticability of filling voids over the 
masonry when this type of timbering is adopted and the danger of 
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Fio 94 ~ Secti<»n of tunnel shield and lining, Lawrence Avenue, Chicago. 

settlement due to the fact tlial the jwling boards do not finally rest in 
the plane at which they were started. 

Another sytjtera of tinilxjring used by Mr. Mcem is shown in Fig. 91 
and Fig. 92 (Trans. Am. Soc, C. K., vol. lx, p. 22). In this case all of the 
timbering except the shooting was removed, the latter bearing directly 
on the brick-work. 

“In this type the arch timbers were underpinned from the masonry 
which was put in m a centrally sluseted and braced trench, as shown, the 
entire masonry of the structure being built in throe successive stages, of 
which the firet is that noted in the bottom of the trench- In this method 
the outward thrust of the Iwttoni legs of the arch, or segmental itmbeft, 
precludes almost entirely the possibility of any settlement while thesheeting 
for the middle trench is l>eing driven. In dry ground there is practically 
nodangerof any settlement to l>e caused from this raelluxi of underpinning, 
and the writer has superv ised tunnels built safely by this method, when 
the ground^watcr level was normally 6 ft. above the subgrade and had to 
be kepi down by constant and heavy pumping through sand." 
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Tunneling with Aid of Shield— A number of large tunnels through 
gravel and quicksand liave been driven with the aid of strong metal 
shields forced forward by jacks into the soil from time to time as 
desired, as illustrated by Fig. 93 and Fig. 94. 

In sonic cases the shield is followed up immediately with the masonry 
lining of the tunnel, a thin steel tail-plate scr\dng to prevent the settle- 
ment of the soil lx)twecn the rear end of the shield and the front end of 
the masonry. 



Fia. 95. — Wooden lining rings and bulkhead of pneumatic tunnel 6 ft. in 
diameter, Worcester, Mass. 

In other cases the tunnel has been lined with cast iron segments as the 
shield was moved forward, the masonrj^ lining being inserted witiiin the 
cast iron lining at a later date. 

In tKo case of the Lawrence Avenue Sewer, Chicago, the tunnel was 
lined with 8X8 in, timber against which the shield jacks reacted, 
Fig. 93. The masonry was laid inside the timlier lining. 

Tunneling with Compressed Air.— In subaqueous tunnels and 
sometimes in tunnels through very treacherous quicksands located in 
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Fia. 96. — Sectioo throujch caisBon and air lockB, \\*orce«t4er sewer tunn^ 
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close proximity to buildings, it has been found necessary to apply air 
pressure to the tunnel to prevent the inflow of water and earth. Such 
tunnels have been shored by means of cast*iron segmental plates, and 
in some cases by wooden segments, as illustrated in Fig. 95. (Kept. 
Supt. of Sowers, Worcester, 1899.) 

The tunnel was 6 ft. in diameter, and “the temporarj^ lining, put in as fast 
os mat(*rial was excavate<l,*con.sist(*d of wooden rings 18 in. long. These 
rings were rut into eight seginents, and as the segments had to be put in 
place from the inside, one piece was cut .so as to form a key, wedging os 



f'lo, 97. — \\orking chamber of caisson; bucket is ascending through lock 
and lower door is being closed. 

driven into position from the inside, and the segments each side of it were 
cut to fit this key. All other pieces were cut on the radial lines. The 
segments wenj framed of 2 X3-in. North Carolina pine, being pinned together 
by 1/4-in. carriage bolts. The ribs of the rings were cut on the circle, G ft. 
in diametil- on the outside. These segmental frames were covered with 3/4-in. 
matchetl spruce sheathing, which was stuck curved on one side to rest tightly 
on the cui^'cd fnime. The frames were bored by template, so that there was 
no delay in bolting them together when in place. Three 1/2-in. bolts 
were useil on each side and two of the same size on each end.” 
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This tunnel was entered through a caisson 8 ft. wide, 16 ft* long and 
7 ft. high, built on the surface of the ground of 8 X 8 in. spruoe timbers, 
one course running horizontally and the other vertically. After this 
caisson was built the earth was excavated from below it and it was 
gradually forced down into place. The caisson with the bucket and 
man locks is illustrated in Figs. 90 and 97. 

The use of cast iron rings made up of sliort segments is shown in 
Fig. 98, which was prepared from a photograph taken in the southern 



Fio. 98.— Cast iron lining segmente, southern low-level b^ wct Xo. 2, 
('amlwrwcll, London main drainage. 


low level sewer of the Main Drainage Works of London. This sewer was 
built in tunnel with the aid of compressed air and the illustration is 
typical of much of the tunneling wliicli has been done through bod 
ground in the vicinity of Ixindon, England. (“Main Drairuige of 
London/’ by Sir Maurice Fitzmaurice.) 


TOOLS REQUIRED 

Wliile sheeting and bracing may be done with tools found upon roost 
kinds of construction work, it is desirable and economical to provide a 
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few flpecialiy designed implements. A cross cut saw will be found 
advantageous for cutting up lumber, and an adz should be provided for 
dressing it. Vertical sheeting can be conveniently driven with a 



Fm. 90. — SluH'ting or plank clamp and lever. 

wooden maul, or bwtle, made of a tough luird wood, such as elm, and 
weighing about 25 Ih. Such a maul should be provided with iron rings 
set back from the faces of the hammer and securely wedged and pinned 





23 Pounds, 

Fig. 100.— Large and small bracing hammers. 

to it. For the handle of a maul a pick handle or hammer handle is 
preferable to a round handle as there is less tendency for the maul to 
turn in the hands of the driver, resulting in striking an uneven or 
glancing blow. 
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A cast-iron plank cap should be provided for the protection of the ends 
of the planks or in hard driving they may become so splintered and 
broomed that they can be used but once; in fact, they may sometimes be 
so damaged in this way that they cannot be driven to the required 
grade. Upon very light and easy work it may not be always nec- 
essary to use plank caps, but they should^ always be at hand. Such 
caps should Ijc made to fit the prevailing width of planks which, where 
practicable, should be about 10 in. 

For driving braces it will Imj found convenient to provide special 
bracing hammers, Fig. 100, wcigliing about 10 lb. These liaimners are 
so designed that the blow can bo dcliverotl close to the end of the braces 
and they are much more effective than an ordinarj^ sledge hammer. A 




hammer of less than 10 lb. w'cight is not desirable for bracing and it has 
btH5n found that one weighing more than 10 lb. is rather clumsy for work 
in ordinary trenches, although for heavy bracing a liammcr weighing 
about 23 lb. is frequently used. 

In recent years metal extensible braces, Fig, 101, have often 
hefiu substituted upon much light trench work for the wooden hracea 
formerly generally used. These braces are more quickly applied 
than the timber struts and require no driving, an advantage where the 
banks are unstable and likely to cave if jarred. These braces may be 
provided with lugs on both ends, which overhang tlio rangers and pre- 
vent them from falling, with danger of injuring the laborers working 
below, in case the Vmnk yields enough to loosen them. 

This type; of brace is usually fitted with lar)-welded wrought iron pipe 
and the length of brace may be varied by substituting different lengths 
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of pipe. It is customary, however, in departments having trench work 
in hand at all times, to carry in stock a supply of braces of several 
lengths to avoid the necessity of changing the pipes. 

The dimensions of extensible trench braces which can usually be 
obtained from stock arc given in Table 45. 


Tahle 4.'). — Dimensions of Extensible Sewer Braces 

(llaruid 1- Bond Co , Bunton) 


l.ftiKlh <»f braci' rlnwcd 

Li'iiictli of Hcrrw 

Diamotor of Hcrow 

Will Hpread 

18 inrlicH 

12 indies 

1 f inches 

8 inches 

21 inrlicH 

12 indies 

11 indies 

8 inches 

24 incliCM 

12 indies 

11 indies 

8 inches 

27 inches 

12 indies 

11 indies 

8 inches 

30 in dies 

12 inches 

1 1 inches 

8 inches 

36 inches 

12 indies 

11 indies 

8 inches 

42 indies 

14 indies 

11 indies 

10 inches 

48 indies 

14 indies 

IJ indies 

10 inches 

54 indies 

16 indies 

1 1 inehes 

12 inches 

60 indies 

10 indies 

j 11 indies 

j 12 inches 

66 inches 

18 indies 

1 U inches 

12 inches 

72 indies 

18 inehes 

1 11 indies 

j 12 inches 

60 in(!lies 

18 indies 

i I 4 indies 

j 12 inches 

66 in da's 

18 indu*H 

j If inches 

! 12 inches 

72 indies 

18 indies 

! I 4 indies 

1 12 inches 

84 indies 

18 inches 

1 11 indies 

12 indies 


Such braces are sometimes provided with fixed or liall joint shoes. 
Those with the ball joint shoes, however, are not as convenient to 
handle and plae<‘ as those wdth fixed shoes. It has also been found that 
there is considerable br(*akag(* of ball joint braces on account of the 
failure of the ball and socket joints, which arc not usually machined, to 
seat properly. 

It is desirable in some cases to use timber braces with screws on one 
end. In such cases one end of each brace is bored out to receive the 
screw', as illustrated in P’ig. 101. Such braces arc particularly useful 
upon wide trenches os they are quickly adjusted and require no 
driving. For wide trenches and heavy banks, many sew'er builders 
prefer to use timber braces and wedge them against the rangers with 
hardwood wedges driven to refusal. 

PRACTICAL SUGGESTIONS ON TIMBERING 

Good workmanship is essential to the successful timbering of trenches. 
If it is desinnl to practise strict economy, it is wiser to adopt a less ex- 
pensive method and to do the work in a firet class manner than to adopt 
tt more expensive method and resort to careless workmanship. 
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The banka should be carefully trinuned to a plane surface before 
placing the sheeting. As the trench is deepened the material of the 
bank should not be permitted to run out or ravel or be trinuned back to 
allow the sheeting, when driven down, to slip over it without friction, 
inasmuch as this practice, particularly in running sand or gravel, is 
likely to lead the workmen to carelessness in allowing the formation 
of pockets behind the sheeting. Such pockets are undesirable not only 
because they may result in serious settlement of the ground and increase 
in pressure u})on the bracing, l)ut l)ecause they an) likely to result in 
deformation of the finished sewer by spreading of the arch when the 
trench is backfilled. 

In excavating a trench in loose material, hay or meadow grass will lie 
found useful to prevent the material from running through the cracks 
in the sheeting. 

The banks of a trench should never lie allow’ed to move, if it is possible 
to prevent movement. The shwting and bracing should bo placed in 
the trench as soon as practicable, in order to prevent any movomont of 
the top layers of tlu* soil. The sheeting should be driven as fast as tlie 
excavation proceeds and in ((uicksand it is, of course, necessary to drive 
the sheeting in advance' of the excavation. (Iroat care should bo taken 
to prevent the banks from raveling where notches or “windows” 
are required. The pressures exerted upon timbering increase greatly as 
the soil back of the sheeting becomes cracked, loosened, or in any 
way shifts its position. Such movements of the banks are likely to 
cause the breakage of adjacent water pifies and sewers, resulting in the 
partial or complete saturation of the soil with the water leaking from 
them, and producing pressures approaching hydrostatic pressure. 

Braces should always be tight. Where they are short and of wood 
they may be cut to correnT length, and driven, but where they are long 
they should be tightened by hard wood wedges driven to refusal. 
Upon the lighter work extensible screw braces w'ill lie found more 
convenient than wmoden braces. 

Except upon very heavy and expensive work it will generally be 
found more convenient to use rangers and braces of the same size from 
the top to the bottom of the excavation, than to attempt to vary their 
size in accordance with thcor}'. If, as is frequently the case, it seems 
desirable to increase the strength of the timliering toward the bottom of 
the excavation, or at any other point, this can bo done by decreasing the 
space between the rangers, and adding braces. 

Trenches should always l>e braced in such a manner as to give as 
much room as is possible for working between the rangers and between 
the braces. P'or this reason, as well as to reduce the quantity of excava- 
tion, it is common practice to use rectangular rangers on edge or with 
the long side vertical. While this is not the most economical method 
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of utilizing the strength of the timber, it does save room within the 
trench and makes it possible to construct the trench slightly narrower 
than if the rangers were turned so that the long side would be horizontal. 
Moreover, this method gives greater bearing area for the braces, and, 
as shown in the next chapter, this transverse crushing strength may 
control the section. 

It is generally dcisirablo to use two braces at the contiguous ends of two 
sets of rangers, so that each set may act independently of th(‘ other and a 
settlement of one section of bracing will not affect the adjacent set. 
('enter braces should generally be of the same size as tlio rangers. End 
braces should be of tlie same depth as the rangers but may generally be 
somewhat narrower, because tlic loads put upon them are smaller than 
those put upon tlu^ center hrac(;s. 

All braces should be securely chntod to the adjacent rangers so that 
they will not fall to the bottom of the trench in case the banks yield and 
they become loosened. 



CHAPTER X 


SIZES OF SHEETING, RANGERS AND BRACES 

Behavior of Different Materials with Respect to the Need of 
Shoring. — Tho nmvssity for Hhoring and tho methods of timbering or 
sheeting trenciies vary according to the character of soil encountered, the 
proximity of i>avomentvS, pip<‘ lino-s, buildings and other structures 
likely to be damaged by s(‘t,tlcmont of the adjacent ground, and the 
manner in which thi; earth is to be excavated. 

Ill many cases in hardpan, little or no shoring may bo required in 
trenches carried to a considerable depth. Where it is felt that there 
may be some danger, an occasional stay brace, or skeleton sheeting, may 
be used. Hardpan usually caves in large masses and does not ravel 
through small openings, so that in many cases tlie alternate planks may 
be left out. 

In trenclKW in clay, it is usually necessary to provide close sheeting 
and h(?avy timbers, for while clay stands fairly well for a time after it is 
first excavated, it is likely to swell and in many cases w^ater will gradually 
seep toward the trench, making the clay a trcAcherous material and one 
which may impose lu'avy loads upon the timbering. 

In dry alluvium, shwting wdll generally be required, although the 
banks usually stand well for a time. In some cases it may be possible 
to leave spaces between the planks, as tliis material is not likely to 
ravel. 

In trenches in gravel, close sheeting is almost always required, because 
of the tendency of this material to ravel and roll through small openings. 
It is not usually possible to excavate trenches more than 3 or 4 ft. deep 
in gravel, before putting in the sheeting. 

Sand acts differently in different cases, depending largely upon its 
size and uniformity and the amount of moisture which it contains. As a 
ruU*, it is necessary to close-sheet trenches in sand, and it is not generally 
wise to caiT}' the excavation more than 3 to 5 ft. deep before placing the 
shoring. 

Where the sand is very fine and contains considerable water, high 
pressures are likely to be exerted upon the shoring. In some cases 
these pressures may approach, and perhaps even somewhat exceed, a 
corresponding hydrostatic pressure. In such materials the sheeting 
must be close and strongly braced, and the planks must usually be 
driven a considerable distance below the bottom of the trench to help 
267 
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hold thorn in thoir proper position below the lowest ranger, and to 
prevent the sand in the trench from being forced up by the pressure of 
the soil outside the shei'ting. 

Trenches in rock may sometimes be safely excavated without shoring. 
They may be treacherous, however, when the rock is seamy and when 
the seams lie at an angle of more than 30° with the horizon, and more 
e8i)ecially where tliesc^ 8(*ams are filled with clay or other material upon 
which the rock may n^adily slide. It is often difficult to determine how 
far back from the face of the bank the rock has been shattered or cracked, 
and sometimes where shoring is omitted large masses suddenly slide 
into trenches. When the banks are very trciicherous it may be wise 
to provide (ilose sheeting, but with trenches of moderate depth this is 
not geiujrally m^ccissary, as freqmmt stay-braces or skeleton sheeting 
will prevent the rock from sliding. The shoring of rock trenches, and 
08|x^cially trenches in rock overlaid with earth, is likely to be unsatis- 
factory and ex}KMisive because of the derangement of braces and 
shoring by blasting operations. It is difficult to avoid this trouble by 
any method of shwting, but much can be done to lessen the danger of 
blowing out shoring by the luse of can* and judgment in the blasting. 

Angle of Repoee of Soils. — '‘The* angh* of rojiose,” designated as 
is tile greatest angle above the horizontal plain* at wliich the material 
under consideration will lie without slipping or sliding. 

The angle of repose of various kinds of earth has been found experi- 
mentally, but vari(‘s greatly according to local conditions. Either 
increasing or de('reasing the moisture m natural soils may decrease the 
angle of repose and increase tin* pressure developed. Hough average 
values of the angle of ro|M)se and weights of severiU soils are given in 
Table 46, taken from "A Treatise on Masonry Construction” by 

Baker, to which have lx?en added the values of ! , These 

1 -f sin 0 

values are of little practical importance but are given to show the 
values which are genendly u.s(*d in discussions of the theory of earth 
preasure, and to give a general idea of how they may var>'. Where the 
earth pressure is applied to a vertical plane and the surface of the earth 
is horizontal, the resultant pressure is obtained by the formula 

?/7i2 1 - sin 

^ “ 2 ^ 1 -f sin 0 

Where P « resultant pressure 

w mi weight of 1 cu. ft. of earth 
h « height of bank 
^ w angle of retwse. 

According to this formula the pressure devolopod by a .soil having an 
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angle of repose of 15® is nearly 3-1/2 times as great as the pressure 
developed by the same soil if its angle of repose were 45®. 


Table 46. — Angle of Repose and Weight op Dipperent Kinds op 
Karth 


Kind of earth 

' Angle of repose 

’ <f) ' Slope’ 

1 — sin^ 

1 -f »in^ 

Weight, 
lb. per 
cu. ft. 

Alluvium 


3 to 1 

j 0.53 

90 

(-lay, dry 

26° 

2 to 1 

1 0 31) 

110 

(lay, damp . 

45° 

1 to 1 

0 17 

120 

(lay, wet ... 

15° 

3 2 to 1 

, 0,50 

130 

(Iravol, t;t»arH(‘ . . 

! 10° 

1 7 to 1 

i 0 33 

110 

(travel, gradctl sizes 

40° 

1 2 Ut 1 

i 0 22 

120 

Loam, dry 

40° 

1 2 to 1 

0.22 

80 

Ijoarri, moiht. . . 

45° i 

1 to 1 

■ 0 17 

90 

Loairi, Haturalcd 

30° 

1 1 7 to 1 

: 0,33 

no 

Sand, dry 

•lo , 

1.4 to 1 

! 0 27 

100 

San<l, moiKt 

40° 

' 1 2 to 1 

0 22 

no 

Sand, Haturated. 

30° 

‘ 1 7 to 1 

: 0 33 ' 

120 


‘ Ratio of horizontal to vertical dimension. 


Cohesion. — The methods ordinarily used f<»r calculating earth pres- 
sures disregard the cohesion of the particle's of soil. This quality varies 
greatly with diflferent soils and also, in any particular soil, with its 
moisture content and dtjgree of compres.sion. (.’lean dry sand and 
gravel have little cohesion. In clay it is an important quality factor. It 
is this force which makes it possible to excavate a trench to a consider- 
able depth without shoring. In clean, loose, dry sand, it is not gener- 
ally possible to exca^'ate to any material depth without causing the 
banks to slide or roll in, but if the sand is moist the excavation may be 
carried to a dei)th of 4 to 6 ft. without caving. Alluvium, hardpan 
and clay banks from 10 to 15 ft. high will often stand for several days 
and even in some instanccjs for weeks without caving. 

It is frecpiently observed that a given soil will have different cohesive 
qualities when under different pressures. It therefore seems logical to 
assume that the cohesive qualities of a soil will increase with the 
increase in depth of the excavation, and also to assume tliat the angle 
of repose will vary in a corresponding manner, and will increase with 
the depth of the trench. An increase in the water content of the soil is 
likely to be encountered as the excavation is carried down, however, 
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with a corresponding decrease of the angle of repose in most cases. 
Thc8(} assumi>tions should not be carried too far, as soils rarely are 
homogeneous and of uniform character from top to bottom of excava- 
tion, strata of different soils Ijcing frequently encountered. 

Lack of Adhesion. — In considering earth pressures both the cohesive 
and adhesive qualities of the soil are generally included under the term 
cohedon, as it is very difficult to separate them. The soil, however, 
does not readily establish adhesive (pialities as distinguished from 
cohesive cpialities. This is well illustrated by the fact that if a trench 
has at some previous time b(?en excavated parallel and relatively near to 
a new trcfich, the? soil, if allowed to yield, will almost always crack on 
or cave to the hru) of the original trench, showing that practically no 
adhesion exists IxstwcKMi the; original virgin soil and that refilled into the 
old trench. This condition exists even after the trench has lieim back- 
filled and subjected to the conditions of nature for many yeiirs, and is 
one wliich miLst always be taken into acitount in jdanriing for the 
bracing of a new excavation. In many cas(\s, it is nec(\ssary to sheet 
and brace trenches solely becau.se at some; pn'vious time the soil near 
them has Iichmi excavated and the bonds of coIhshioii broken, no bonds of 
adhesion having since been establisluHl. For th(W(‘ reasons, the bracing 
and shoring of trenches in virgin soil is very different and often much 
simpler tlian similar work in the older city streets which have been 
subject to frequent excavation. 

Tendency of Soil Conditions to Change. — There is a tendency for the 
conditions affecting the lUHid of shoring to vixry from tiim* to time. In 
most cases the l)ank.s will be found quite stable and apparinitly exercising 
no markwl lateral pressure when first excavated, and, except in gra\ el, 
the excavation, if made quickly, may usually bo carriixl to a considerable 
depth; but as the banks are alloweil to stand, it will be noticed tliat the 
soil gradually, and sometinuis rapidly, changes in character, expanding 
from release of pressure or other caiLse, showing cracks at the surface, 
raveling and flaking off in small pieces. Some of these chiuiges may 
be duo to drying out of the moisture in the biuiks, or on the other hand 
to an increase in moisture, in either case reducing the cohesive qualities 
of the soil. The increase in moisture often results from the gradual 
seepage of water, from water-liearing strata cut by the excavation, into 
the soil of the banks, tending to soften certain strata relatively dr>^ before 
the excavation of the trench changed the conditions. In cities there are 
often leaks in wator pipes and sewers, the drainage from which w'ill 
work toward a neiu-by trench and cause a gradual saturation of the 
lower portions of the banks. Sudden and great changes are often caused 
by rains, which in a short time may .saturate from top to bottom a bank 
which had before contained only enough moisture to assure its stability. 

While the tendency toward changed conditions, duo to a decrease or 
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increase in the moisture in the soil, cannot be over-emphasized, the 
changes due to other causes are equally important and productive of 
danger to life and property. The most potent of these is the failure to 
sheet and brace the trench properly, thus causing voids behind the 
sheeting. Such voids, once formed, i)ermit the gradual loosening of the 
soil, from the vibration caused by driving the shoetiug and braces, the 
operation of the excavating machinery and the passing of cars or trains. 
It is often necessary to place unusual loads upon the groimd close to the 
banks, wliich may cause the soil to yi(‘ld if there are voids bc^hind the 
sheeting. Movements of the o^rth due to any of those causes result 
in changed, and oft(m greatly incn^ased, pressures and loads upon the 
shetding, and may also result in changing the point of application of the 
resultant earth pressure upon it. 

CALCULATION OF EARTH PRESSURES 

Rankine’s Formula. — Methods of calculating the pressure exerted 
by the earth against vortical and inclined planes have been evolved by 
Coulomb, Rankino and several later investigators. Most of these 
methods are based upon the fundamental assumptions tliat pressure is 
exerted laterally by a wedge-shapcHi prism of earth, ABC, Fig. 102, which 
is just on the point of sliding along a plane of rupture, BC, and exerts its 
greatest pressure at the to(\ Fig. 102 illustrates a trench with the 
surface of the ground horizontal on one side and at an angle 6 with the 
horizontal plain) on the other. The symbols used in the figure and in the 
fonnulas, are as follows: 

w = weight of unit volume of earth, assumed to bo 100 lb. per cubic 
foot. 

P = resultant pressure of the mass of earth, prevented from sliding 
by sheeting, 

H = horizontal component of P. 

0 = the angle of repose DBE of a particular soil. 

6 = angle, DAF, of surface of surcharge, with the horizontal plane. 

h = depth at any point below surface. 

p = intensity of horizontal pressure, in pounds f>er square foot, at 
any depth, h, below the surface. 

This theory disregards cohe.sion, wliich is generally an active force 
of varying amount in all soils. 

Ilankine’s formula, modified for special proWems, is convenient for 
calculating earth pressures and is typical of the others. This formula is 

r> e — COR* 0 — cos* 0 

P= con ex / 

2 cos 0 -F x cos* 0 — cos* ^ 

In evolving this formula it is assumed that the plane against which 
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the lateral pressure is exerted, or the sheeting, is vertical and that 
the resultant earth pressure, P, is parallel to the surface of the ground. 

Ordinarily in cases where the earth is sloped away and up from the 
vertical plane it may be assumed that the angle 9 between the surface 
of the ground and the horizontal plane is equal to the angle of repose 
in which case the formula becomes, * 


If there Is no surcharge aiul the surface is horizontal e will e(|ual zero, 
and the formula becomes, ’ 

/> = //= X ^ ~ 

2 1 + sin 0 

hi all (‘ascs if it is assumed that the direction of the resultant jiressure 
P is parallel to the surface of the ground 


H = P cos e 

If the angle of repose is reduced to zero, as in the case of a liquid, the 
formula becomes. 


In all cases P varies as the square of the height of the bank, as in the 
case of a li(|uid, and it, has therefore been assumed by most engineers 
that the resultant earth pressure, P, is applied to the sheeting at a point 
one-third the height from the bottom. The intensity of pressure at 
any point may be found by the formula, 

2P 

h 


It is generally assunuHl in calculations of this kind that the angle of 
repose is 30°. The formula then becomes, 


and 


P = // 


tcA* 

G 


p * 


wh 

3 


These last formulas are simple and for practical purposes are all that 
need be used to obtain a general idea of the forces which sheeting and 
bracing are likely to have to withstand. 

If an additional load is pla(;ed upon the banks, other timn that due to 
earth cimi out of the trench which, if sloped back at an angle equal to 
the angle of repose, or say 30°, can be cared for by the formula, tho 
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wo 4 cht of 8uch additional load should be calculated and reduced to an 
equivalent depth of suj)oriiiij)OHed earth, thus correspondingly increasing 
II, in which case the surfacci should be assumed to be horizontal. In 
estimating the loads likely to come upon the shoring, due consideration 

Table 47, — Intensity or IhiuizoNTAL Puessube and Total Horizontal 
I’KEssr’UE OF Earth at Varioe.s Depths 


(W “ 1(K) pounds p<“r cubic f<M)t ; 4> = .‘iO", If and P arc p(*r foot of trench) 



JloriEoiitid HurfiK'c 


Sun-liiirKcs 0 «= 


h 

ft 

P - 1 '"V, 

1 JKJUnilH 

H - P » 

poll ruin 

h 

ft 

[) cos 0 -• 

j 1 tvh 

1 pounds 

II ^ F cos 0 
- 1 wh"^ 

pounds 

1 

33 

17 

1 

7rj 

38 

2 

67 

67 

2 

150 

1.50 

3 

100 

150 

3 

225 

338 

4 

133 

267 

4 

300 

600 

5 

167 

07 

5 

375 

938 

6 

200 

600 

6 

450 

1,3.50 

7 

233 

SI 7 

4 

525 

1,838 

8 

267 

1.067 

8 

600 

2,400 

9 

300 

1,350 

9 

675 

3,0.38 

10 

333 

1,667 

10 

750 

3,7.50 

11 

367 

2,017 

11 

825 

4, .5.38 

12 

4(K) 

2,400 

12 

900 

5,400 

13 

433 

2,K17 

13 

975 

6,3.38 

14 

467 

3,267 

14 

1 ,0.50 

7, .350 

15 

500 

3,750 

1 i 

1,125 

8,438 

16 

533 

4,267 

1 

1 

i 

1,200 

9,600 

17 

567 1 

4,817 ‘ 

: 17 

1,275 

10,838 

18 

0(M) 

5,4(K) 

18 

1,3.50 

12,150 

19 

633 

6,017 

' 19 

; 1,425 

13,538 

20 

667 

6,667 

1 20 

j 

1,500 

15,000 

21 

700 

i 7,350 

i 21 

1 1,575 

16,538 

22 

733 

8,(H>7 

22 

1,6.50 

18,150 

23 

' 767 

! 8,817 

' 23 

i 1,725 

19,838 

24 

800 

; 9,600 

24 

1 1,800 

21,600 

25 1 

833 

i 

1 10,417 

j 

; 25 

1,875 

23,438 

26 

^ 867 

j 11,267 

26 

1,950 

25,350 

27 

1 900 

12,150 

27 

2,025 

27,338 

28 

933 

13,067 

28 

2,100 

29,400 

29 

967 

14,017 

29 

2,175 

31,538 

30 

1,000 

15,000 

30 

2,250 

33,750 
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should be given to vibration, such as that caused by passing trains or 
other vehicles, the operation of excavating macliinery and the driving of 
piles. The effect of jar cannot be calculated, and the allowance made 
for it must be a matter of judgment. 

Table 47 gives the intensity of the horizontal pressure in pounds per 
square foot and the total horizontal pressure in pounds per linear foot of 
trench at various depths, calculated by the foregoing formulas, assuming 
the angle of repose to be 30 deg. in all cases and the surface of the earth 
horizontal, and also rising at an angle of 30 deg. 

A typical trench 16 ft. in depth, shored with a single set of sheeting, is 
illustrated in Fig. 102. The sheeting is shown driven to a depth of only 
15 ft., or to a point 1 ft. above the bottom of the trench. As more or 
less load is usually placed upon the banks, it has been assumed in the 
following calculations that the sheeting must also support a surcharge 
equivalent to an additional depth of 1 ft. of trench. This figure and the 
calculations are given simply to illustrate the methods and not as sug- 
gestive of actual loads likely to bo placed upon the shoring. 

To simplify the calculations it has been assumed that the typical 
trench Is sheeted witli poling boards 4 ft. in length, and that each brace 
must carry the load supported by the set of poling boards against wliich 
it is placed. If the trench were sheeted with the ordinary vertical 
sheeting the pressure would bo somewhat differently distributed, 
b(‘cause the sheeting would act like a continuous beam. 

The re.sults of these calculations by the Ilankino formula are given in 
Col. 4, Fig. 102. It will be seen that the intensity of pressure varies 
with the depth of trench, as does also the total pressure, the maximum 
load being upon the bottom brace. 

Hydrostatic Pressure Sometimes Exerted on Sheeting. — Occasionally 
conditions are such tliat water will accumulate in the soil back of the 
sheeting, so that the pressure exerted may approximate that which 
would Ix) due to an equal depth of water. This is probably the most 
severe condition encountered in the sheeting of trenches, except under 
extraordinary circumstances and unless it can bo conceived that a bank 
of sand might thus be converted into a fliud or quicksand, having a 
weight greater than that of a corresponding volume of water. 

Such a theory must be based upon the assumption that the particle® 
in the mass of earth, held in position by the sheeting, are devoid of cohe- 
sion and free to move as are the particles of a fluid, and that the pressure 
from the overlying particles may bo transmitted vertically to particles 
below, and laterally through them to the sheeting, in other words, that 
the earth, if permitted, will flow like a fluid. If this theory were 
correct in all respects it would follow that the pressure of the soil in the 
banks would be exerted on the soil in the bottom of the trench, causing 
it to flow up or rise within the sheeting with a pressure equal to that 
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exortod on tho shooting at the bottom of the bank. Experience indi- 
cates that this condition rarely, if over, exists, although it is not uncom- 
mon to encoiuitor expansion in soils and wator-boaring strata of fine 
sand which will flow through cracks in tho sheeting and which will at 
times boil up within the trench. Such flowing sand, however, usually 
reaches a state of ocpiilibrium after it has flowed into the trench to a 
depth of a few fwit above? its original bottom. This would seem to 
indicate that oven undt'r these conditions tho material is not free to act 
like a fluid, else tlu? trench would become filled with the quicksand. It 
seems probabU? that only a limited quantity of the sand near tho trench is 
converted to a fluid condition and that after this has flowed into tho 
trench and creatcid a gr(‘ater pressure within than formerly existed, 
there is an insufficient quantity of fluid sand to continue filling tho 
trench and conditions for a time become similar to those previously 
existing, when the banks of the trench follow the laws of earth rather 
than of fluids. If, however, there is an ample supply of water the 
sheeting may be subject to pressures closely approaching those due to a 
similar depth of water. 

For tho purpose of comparing the hydrostatic pressure with that 
which may be developed by tho soil, in accordamte with Rankine's 
theory, the hydrostatic pres.sures have been (calculated for tho typical 
trench, Fig. 102. I'hese pressures are probably very rarely, if ever, on- 
countor(?d in practice unless it be in connection with subaqueous work, 
but they may bo helpful indicating tho extreme limit of pn^ssure 
which may be encountered. 

It has been assumed in making those calculations that the height of 
the fluid exerting pre^ssuro on sheeting was the same as the height of tho 
banks of the trench and the pressures have been determined as follows: 

h « the height of fluid, Fig. 102. 

w ** weight of water, 02.5 lb. per cubic foot. 

/> Bs 2 ~ * I'Otal pressure on sheeting for a trench 1 ft. in length. 

p w w intensity of pressure at any point. 

Under hydrostatic conditions the resultant pressure would, of course, 
be at a point one-third of the distance from the bottom to tho top of the 
trench. 

It will bo seen by comparing Cols. 3 and 4, Fig. 102, that the Rankine 
formula gives pressures which are approximaRjly half as great as the 
hydrostatic preasuros, assuming an angle of repose of 30 deg., the weight 
of earth to jje 100 lb. per cubic foot and the surface of the ground to be 
horizontal. 

Maem*g Theory of Earth Pressures. — In a valuable article upon '*The 
Bracing of Trenches and Tunnels, with Practical Formulas for Earth 
Pressures,” Transactions American Society of Civil Engineers, voL lx, 
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p. 1, J. C. Meem presented a theory of the action of the banks of a 
trench by which the resultant pressure acts at a point two-thirds the 
distance from the bottom to the top instead of one-third, as proposed 
by Rankine, Coulomb and others. While this theory may be supported 
by many conditions wliich have been encountered in work of this 
kind, experience leads us to say a word of caution, because there have 
been so many cases in which the pressures have increased greatly witli 
apparent lowering of the point of application of the r(«ultant pressitfe 
as the trench stood open. Referring to Fig. 102 and changing the 
symbols from those used by the author to those used herein, Mr. Met?m 
may bo quoted as follows: 

“In all his experience, the writer has used the diagram (Fig. 102) for 
calculations of earth pressure, whether applied to retaining walls or to 
sheeting and bracing. 

‘‘If AB be the line of the sheeting, and DB the natural slope of the earth, 
4) being the angle of repose, then the mass of earth causing pressure against 
the line AB is contained within tlie triangle, DAB. 

“Tiie weight of the earth in this triangle rests on />/!, and its thmst is 
transmitted to AB, not through the toe of each layer at the foot of its slope 
line, but by the arching effect of this earth between the lines, AB and DB. 

“For purposes of calculation, it is probably not far from corrt'ct to assume 
that a line, CB, bisecting this angle, ABD, measures with AB an area equiva- 
lent to the weight transmitted as thmst against this line, AB. Also, it is 
true that the center of pressure against AB is where a perpendicular from 
the center of gravity of the triangle, ACB, meets this line. 

“The writer is fully aw'are that in making this assumption he is going 
contrary to the general theory, which assumes that earth pressure acts along 
the line of mpture and parallel W'ith that line, and Ls thendore greatest at the 
toe, but he wishes to state that this theory is not borne out in actual practice, 
and that all closely sheeted well-bnurd trmches iwarialdy show a heavier 
pressure at the top than at the bottom.'* 

Mr. Meem stated that if particles of soil wore absolutely without fric- 
tion and if their weight w’erc tran.smitt(‘d cumulatively entirely and 
directly to the bottom, then the older thoorj', that the rwultant pressure 
acts at ono-tliird of the distance from bottom to top of the bonk, would 
be true. He does not believe tliis condition to exist in nature, however, 
and points out that a bank seldom exerts much lateral pressure at the 
bottom and that it may usually bo undercut near the bottom by the 
use of poling boards and very light bracing, and that if the bracing above 
has been poorly done, so that the stability of the mass has boon disturbed, 
the pressure of the soil will manifest itself “by the contiimal dropping of 
masses of material from above, rather than as a constant pressure, as 
would have been the case liad the material been full of water or ab- 
solutely, frictionless. . . . It may be, and the writer has frequently 
observ'ed also, that the lower part of a trench may be left unsheeted 
.... and for a considerable distance longitudinally in clays and 
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moist sands, without disturbing the stability of the face, and yet more 
or less heavy pressure may bo observed in the bracing above.” He 
stated that this can only be explained on the theory of the arching effect 
of the material above, one buttress of the arch being the sheeting and 
the other the plane of repose. Ho pointed out further that heavy pres- 
sures are frequently developed in the top braces and rangers while 
excavation is being safely done beyond the limits of the sheeting at the 
bottom and “that it would be suicidal to remove any one of the braces 
near the top of the excavation, particularly after the ground had stood 
for any considerable time." 

Changing the symbols and referring to Fig. 102, Mr. Mecm’s formula 
is as follows: 

If ^ « the angle of repose, 
a « 90^* - 

f = 2 f angle botwo<*n the line of rupture and the sheeting, 
h - height, 

w = w<nght of 1 cu. ft. of earth. 

C 

Then the area ABC - — , and the weight of the mass of earth 

, ,, tr/i’ tan c 

causing pressure on AB - ^ 

“ The resultant pressure of this muss would occur at two-thirds of the 
height. 

“In the case of a w'dl-shected and braced bank, there would be no 
overturning moment, but there would be a thrust, represented by the 
general tendency of the triangle ABC, to slide along the line BC, and 
therefore move out and exert pressure in a horizontal direction." 

In summing up his opinion, Mr. Mecm states that he believes that the 
action of the earth pressure in properly braced trenches Is more closely 
allied to tliat of a coherent solid than to that of an aqueous or frictionloss 
mass. 

If Mr. Meom’s theory of the action of the earth in causing pressure 
upon sheeting is correct, the pressure at or near the bottom of the 
trench would be much lighter than tliat near the top and it would, there- 
fore, be logical to use lighter timlx^ring at the bottom as has been done 
by Mr. Moem with apparent success. The conditions wliich he points 
out as proving that the pressure at the bottom of a trench is lighter 
than at the top are certainly worthy of consideration because they are 
commonly observed. It is not improbable, however, that they are duo 
to the fa«l that the bonds of cohesion in the bottom layers of the soil 
have not been brokiai to the extent that they have been severed near 
the top, except where the excavation is in wet material. The angle of 
repose of the soil naturally becomes greater the deeper the excavation is 
%iade, and the cohesive forces are undoubtedly greater because of the 
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greater compression upon the soil. Those assumptions, if well founded, 
are sufficient reason for the lack of pressure so often noted at the bottom 
of trenches, but it is a serious question if these assumptions or the 
conditions actually observed in practice warrant the adoption of Mr. 
Meem’s theory. As has been herein pointed out several times, the 
conditions do change from day to day as a trench remains open, and 
there have been many instances where a bank has apparently exerted 
little or no pressure at the bottom, when first exposed, but whore condi- 
tions have so changed that very great pressure luis been exerted upon 
the bottom timbering before the excavation was refilled. It is this 
chjiiige in conditions which loads most practical sewer builders to adopt 
at loiist as heavy timber for the bottom as the top of their trenches, and 
most engineers to the adoption of the Rankino theory of earth pressures. 
In a word, it may be said that Mr. Meem’s theory is well supported by 
conditions observed when trenches are first excavated, or so thoroughly 
well-braced that the bonds of cohesion are not severed to any material 
extent, but that conditions approach the theory of a frictionloss mass, 
after Rankine, as th(*se bonds of cohesion are severed and the banks 
change their physical condition and position. 

Unfortunately, relatively little timbering is so well done that no 
movements or changes of this kind take place and trenches must con- 
tinue to be so braced as to be safe under the changed conditions. In this 
connection it may be of interest to cite observations made during the 
construction of a largo well described in an article by Leonard Metcalf 
entitled ^‘Difficulties Encountered in Building the Storage Well for the 
Sewerage System of Concord, Miiss.,'^ Jour. Assoc. Eng. Socs., vol. xxiv, 
page 277. The material at the site of this well was very fine sand with 
sufficient water to make it flow. The bracing was of the cellular, fan- 
shaped type. When the sheeting began to fail because of the movement 
of the material and the changed condition of it, the bottom line of 
10 X 10-in. yellow-pine timbers was reduced to 6 in. across the grain 
by the pressure on the braces, although the top set showed no such 
fatigue or crushing. The timber structure had stood for months before 
the heavy pressures developed. 

In the dLscussioii following the presentation of Mr. Moem s paper, 
many points were brought out, some of which may be briefly quoted 
with interest to the reader: 

‘‘Quick operation spares many a patient, and the thought persistently 
comes, with respect to attempts at formulating probabilities, that what 
might be accurate, allowable, and advisable for an energetic construc^n 
gang with a clear field and all obstacles, legal and official, removed, might 
be questionable when the above agencies have full play for a consideral>le 
time in a busy street" (Horace J. Howe, p. 24). 

“The properties of earth with respect to adhesion and friction are so 
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variable that the engineer should never trust to tables or to information 
obtained from books to guide him in designing earthworks, when he has it 
in his power to obtain the necessary data either by observation of existing 
earthworks in the same stratum, or by experiments'' (Kankine, quoted 
by Howe, p. 25). 

“The experienced man will probably prefer to rely on his own judgment, 
as every case has to be studied by itself, and the more one has to do with 
earth or water pressures the mor<’ respect he has for their power and the less 
liberty he takes wi(h them. 'Hiere is probably not an experienced founda- 
tion man in the country who has not seen cofferdam bracing collapse, 
sometimes at the bottom, sometimes half way up, and elsewhere. 

“In discussing fluid pressure, the author doubts if the full hydrostatic 
pressure would be found at the bottom .... the conclusion is that in 
some cas(w the full pressure does not occur, in many it does, while in others 
the pressure i.s mu<*h greater than the hydrostatic head would call for. 

“In pneumatic caiasons in (juick.sand in New York City, where the caissons 
are sunk with as little disturbauci* of the ground a.s possible, it is found nec- 
essary to keep the air pressure almost exactly at the theoretical water 
pressure. Many want to calculate the pressure at from 90 to 100 lb. per 
cu. ft., including tlie weight of water and sand’' (T. Konnard Thomson, 
p. 46). 

“Do not take chances, but be safe You niu.st not put in a 6 X 6-in. 
stick because ‘theory’ says it will hold, but double tlie size, and perhaps 
double it again, unless you are dead sure of every condition surrounding 
the work. 

“The importaiiee t)f driving the braces tight in an excavated treneli, to 
prevent as far as possible the inovenierit of t‘arth or sand back of the sheath- 
ing, has already btsui lirought out. In the speaker's opinion, this is a matter 
that deservea the closest attention, for, from the moment the, movement of 
the material cominonccs, tiui trouble lK*gin8” (U. A. Shailcr, p. 49). 

“In the construction of the Brooklyn Subway, with which the writer is 
connected, it was necessary to excavate a trench averaging 30 ft. deep and 
6000 ft. long. The bank was composed of sand and gravel with some few 
boulders. The bracing, designed by Mr. Mwm, had the larger braces at 
the top and smaller braces when approaching the bottom. In no single 
instance has any failure of the lower and lighter braces been observed. 
Many instances of bending of the upp<'r rangers, however, have been 
noticed” (H. P. Moran, p. 49). 

“The error most commonly made in applying theory to practice is the as- 
sumption that the angle of reposes remains constant, no matter what 
the depth; this, of course, is not tenable. There is no reason why it should 
be constant, and every reason why it should not be. 

“In soil that has stood for ages in its original condition, the lower layers 
will be very mu<'h more compacted than the upper ones, by reason of the 
pressure of the earth above. If excavation is carried deep enough, it is found 
that the earth is almost in the condition of nwk, it is so compactly consoli- 
dated. By applying sufficient pressure t.o a sample of earth, say in a hydro- 
static press, it would be possible to make it almost as finn as soft rock. 
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“The angle of repose, therefore, would increase with the depth below the 
surface in some proportion as the compactness of the soil increased. This 
condition would apply, not only to clay and loam, but also to sand when not 
under the water line’' (Eugene W. Stern, p. 64). 

Mr. Stern, by the use of Coulomb's formula and by increasing the 
angle of repose as the trench became deeper, reached practically the 
results reached by Mr. Meem by the use of his theory. Mr. Stern 
closed his discussion with the statement that the principles enunciated 
by Mr. Meem are “radically wrong." 

CALCULATION OF SIZES OF RANGERS AND BRACES 

The load on the rangers may be calculated with the aid of Rankine's 
formula. The results of such a calculation, assuming the surface of the 
ground to be horizontal, the angle of repose to bo 30 deg. and the weight 
of the soil to be 100 lb. j)er cubic foot, are given in Table 49, Col. 2. 
These calculations arc based upon the typical trench illustrated by Fig. 
102, assuming that it is 10 ft. wide to the outside of the sheeting. In 
practice, where the trench is in cohesive material and is not likely to 
stand oi>en a long time, it will be safe to assume one-tliird to one-fourth 
of the earth pressures given, and in cases where the material has little 
cohesion and there is no danger of hydrostatic pressure, it will be safe to 
assume one-half the values given. 

The maximum bending moments on the rangers, spaced as indicated 
in Fig, 102, are given in Col. 3. 

In calculating the sizes of timbers to bo used, the allowable stresses 
have been based upon the values given for spruce in Table 48, taken 
from the Manual of the American Railway Engineering Association, 
1911. The working unit stresst's given in tliis table are intended for 
railroad bridges and trestles having to sustain moving loads causing 
heavy impact, and in calculating the sizes of rangers the extreme fiber 
stress allowable in bending has been increased 60 per cent., or to 1500 lb. 
per square inch, as the load upon these in trench work more closely 
follows the static type and as the structure is shorter lived and a lower 
factor of safety is permissible. 

In Col. 5, Table 49, are given the sizes of rangers required to withstand 
the pressure developed by the earth, as given in Col. 2. These sizes 
are based upon the common practice of using rangers with their wider 
sides against the sheeting. The sizes vary from 6 X 0 in. near the 
top to 8 X 12 in. near the bottom and much exceed the sizes used 
under ordinary conditions. 

The rangers are assumed to be 16 ft. long and the braces spaced 8 ft. 
center 4o center horizontally, thereby making the rangers continuous 
over one support. This does not make the ranger any stronger under e. 
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uniformly distributed load, hut does make it stiff er and changes the re- 
actions and shear. The reaction on the end brace is that due to one 
ranger only. For braces where a butt joint in the ranger occurs, this 
amount should be doubled. If the rangers are only 8 ft. long, the 
reaction on the end support and the maximum shear will be wl /2 in each 
case. 

The reaction on the end and center braces is given in Cols. 6 and 7. 
The length of the braces varies from 100 to 104 in., in accordance with 
the size of the rangers. 

The size of the braces ha.s been figured by the following formula: 

Working stress per square inch = 1100 (1 — the formula for 

columns having a length in excess of 1 5 diameters. 
d = least width of brace in inches 
I * unsupported length of brace m inches. 

For short columns the working stre.sK given in Col. 12 of Table 48 
may be used directly. 

The sizcii of the end and center braces calculated in this manner are 
given in Cols. 9 and 10. Table 49. and are found to be smaller than those 
ordinarily used. 

The maximum shear on the rangers, given in Cols. 1 1 and 12, is found 
in all cases to be less than the average ultimate shear given in Col. 7, 
Table 48, but greater than the w'orking shear given in Col. 8, Table 48. 
It is probable, however, that even under conditions which might make 
it possible for the earth to exert the pressures indicated in Col. 2, Table 49, 
rangers of the sizes indicated in Col. 5 will be sufficiently strong to 
withstand the shearing stress upon work of such temporary nature. 

The maximum compressive stresses of the center braces upon the 
rangers are given in Col. 13 and from them have been calculated, Col. 14, 
the sizes of braces which are largo enough to reduce the compressive 
stress upon the rangers to 300 lb, or less per square inch. By comparing 
Cols. 10 and 14, it appears that the required size of a brace is limited by 
the compressive stress exerted upon the ranger, rather than by the 
compressive stresses in the braces themselves. This fact is emphasized 
by numerous instances in the experience of practical sewer builders, 
where the earth pressures have been sufficiently hea\'y to cause the 
braces to cut into the rangers to an appreciable extent, but have not been 
sufficient to cause distress in the braces themselves. 

As has already been pointed out, the cohesive qualities of soil in most 
cases prevent the immediate development of pressures even approaching 
those indicated by the use of the Ronkine formula. Sewers are usually 
constructed with sufficient rapidity so that the trenches are not allowed 
to stand open for long periods of time during which the cohesive qualities 
of the soil are subject to radical change. For these reasons, it is probable 
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that the presBiires indicated in Col. 2, Table 48, are much in excess of 
those which will be encountered in ordinary sewer construction and 
it is probable that the unit working; stresses already suggested may be 


Depth In Ftd- to Cerrhfr - h . 

S 10 15 ZO IS 50 



safely substituted for these loads, thus reducing the sizes of rangers 
required. 

It is customary in ordinary sewer construction to use a uniform 
size of rangers from the top to the lK)itom of the trench and also to use 


Moment, inch - tbo 
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braces having the same depth as the rangers for convenience and 
interchangeability. Center braces are generally of the same size as the 
rangers, but the end braces arc frequently made smaller as they have to 

Dfpth 10 Center of Plank. 



Fio. 104. — Diagram giving sizes of wales and cross-braces. 


support only about half as long a panel of sheeting as the center braces. 
IVora Cols. 6 and 7, Table 40, it will be seen that the reaction on the 
center bnusee in the typical trench, Fig. 102, is 3-1/3 times as great as that 


Pressure, lt>s. per sq.ft. 
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upon one of the end braces. For example, where rangers are 6 X 6-in. 
spruce timbers, the center braces are usually 6 X 6 in. in size and the 
end braces are often reduced to 4 X 6 in. in size, and placed with the 
long side vertical. 

For the purpose of making a comparison of the sizes of timbers re- 
quired for shoring a trench, the results of similar calculations for water 
pressure and for earth pressure in accordance with Meem’s theory are 
given in Table 49. The differences between the results obtained by the 
use of the theories of Ilankine and Mccm are very striking. 



Fig. 105.— Timbering used on the (Cambridge subway. 


Diagrams for Calculating Thickness of Sheeting and Sixes of Rangers 
and Braces.— In an article published in Eri^neering-Contracling, vol. 
xxxiv, page 76, Frank H. Carter presents two duigrams based upon 
Rankine’s formula by means of which the tliickness of sheeting and 
the sizes of rangers and braces can be readily determined. In preparing 
these diagrams, Fig. 103 and Fig. 104, Mr. Carter has assum^ the weight 
of earth to be 110 lb. per cubic foot, and that the angle of inclination of 
surcharge is equal to zero or that the surface of the surcliarge is levc^. 
He suggests, however, that the earth pressures found by the diagrams 
be divided by 2, 3, or 4, as experience and judgment may dictate, before 
applying them to the other parts of the diagram. 

The author may be quoted as follows; 

IS 
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“In closing the writer offers the following example (shown in Fig. 105) 
of recent trench excavation in dry sand and clay, designed and built by the 
Hugh Nawn Contracting Co. for the Cambridge Main Street Subway, the 
timbers of which had f)een holding up so well that the trench foreman 
decided to economize in the use of lumber, notwithstanding the approach 
of the trench to a four-story brick building within 10 ft. of the side of the 
trench. Stringers 10 X 8 in. and cross braces 10 ft. on center longitudinally 
of the trench and 4 ft. on center vertically had been used. The saving was 
made by increasing the vertical spacing of the stringers so that at a depth of 
21 ft. they wore 5 ft. 10 in., center to center. This would have stressed 
the 2-in. plank sheeting up to 2.500 to HOOO lb. per square inch, and the 

Table 50. — Wooden Hka.ms. Bendino Moments in Thousand Inch- 
pounds FOK A Fiueu Sthe.ss OF 1200 Pounds pek Squauk Inch 
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M « bending moment 
h »= horizontal Width of ranger 
d *“ vertical depth of ranger 


(Reference, Enginerring arul ConlroiUtig, July 27, 1910, p. 70.) 

Wales to about the same figure, by the usual theories, but from the appear- 
and of the timber itself there is scarcely evidence of any pressure whatever. 

To use Fig. 103 on the example given, enter the upper left-hand comer 
of the diagram with a depth of 21 ft. and a slope of « = 40°, reading 500 
lb. procure per square foot, thence running along the horisontal line to 
to inclined line in the upper right-hand part of the diagram reading 
Distance bftween wales - 6 ft.’ read 19,000 in.-Ib. bending moment 
thence {oUowmg down the 19,000 Unc to the inclimsi line in the lower right- 
h^ part of the diagram read 2400 lb. per square inch stress en 2-in. 
anaenag, allowing M “ (an assumption excessively on the 
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side of safety except for the last span in a series of continuous spans). 
In the process of concreting the side walls, the rangers are remo\*ed, 
causing the 2-in. plank to span 8 ft. for a short time, instead of 4 ft. as com* 

Table 51. Safe Loads for Long-Leap Georgia Yellow-pine Columns 
OR Braces. (Pounds) 


Length, ft 

4 X 4 in 

0 X 0 in 

8 X 8in 

10 X JO in. 

12 X 12 in. 

6 

12,000 

33,000 

58,200 

94,(K)0 

138,000 

8 

10,400 

28,000 

55,000 

89,000 

134,000 

10 

8,950 

25,800 

51,200 

86,000 

128,000 

12 

7,800 

23,400 

48,0(M) 

82,000 

124,000 

14 

6,900 

21,300 

44,500 

77,000 

118,000 

10 

6,1(K) 

19,300 

41,600 

73,000 

112,000 

18 


17,600 

38,800 

68,(K)0 

108,000 

20 

j 

16,200 

35,8(K) 

65,000 

103,000 

22 1 

. . 1 

15,000 

33,600 

61,500 

i 

98,000 

24 


13,700 1 

31,300 

57,500 

93,500 

20 



29,400 

55,(K)0 

88,500 

28 ! 



27,500 

51,500 

85,000 

80 i 


1 

25,900 

49, (WK) 

80,500 

32 ’ 



24,.300 

47, (MK) 

77,000 

34 




44,000 

74,600 

36 1 



1 

42,000 

70,500 


Based on formula of U. S. Department of Agriculture, Div. of Forestry. 




200 + 1.5r_ \ 

\700 -f- 150 -I- 0*/ 

P = safe load 

I = length of column in inches 
d — least diameter m inches 

F = ultimate crushing strength of column in pounds per square 
inch 
C = l/d 

Factor of safety = 5 

(Reference, Engimiering and Conlrachng, .July 27, 1910, p. 77.) 


puted. The trench was dug in inateriul which would probably assume a 
slope of 40° when exposed to the weather, but the work was don© quickly 
and thoroughly and well underdrained, hence we may assume that th« 
earth pressures are but one-fourth of those theoretically developed. Divid- 
ing 5(X> by 4 we have 125 lb. per square f<K>t pressure. Entering the upper 
left-hand part of the diagram with a pressure of 125 lb. pf*r square foot and 
running. along the horiwmtal line 125 lb. to the inclined line 5 ft. (distance 
between wales) we find a trending m(»ment of 6(X)0 in.-Ib., thence running 
down the vertical line representing 5000 in.db. to the inclined line in tiw 
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lower right-hand corner of the diagram, we find a stress of about 6(X) lb. 
per square inch for 2-in. plank sheeting, a figure probably not much exceeded, 
if at all. 

‘‘To use Fig. 104 with the same problem, entering the upper left-hand 
comer of the diagram with a depth of 21 ft. and a slope of 40® we find as 
before a pressure 500 lb. per square foot. Running along the horizontal line 
to its intersection with the inclined line in the upper right-hand corner of the 
diagram marked (by interpolation) ‘5 ft. 10 in. between wales,' we find a 
load of 29(K) lb. per linear foot of w^ale at the given depth. Thence running 
down the vertical line repnwenting 2900 lb. per linear foot of beam to its 
intersection with the inclined line in the low’cr right-hand part of the diagram 
marked 10 ft. between cross bracing, we find a bending moment of 350,000 
in.-lb., assuming M = TiiclV 10, also by interpolation we read about 
29,(KM) lb. load on each cross-brace as a column. Running along the 350,000 
lb. horizontal line to the lower left-hand corner of the diagram to 10 X 8-in. 
wales (outside the figure) w'e estimate 3200 lb. stress in the wale. Assum- 
ing ns before that the horizontal earth pressure wull not be developed by 
one-fourth and by g<ung through the same process as outlined above w'e 
find a stress of 8(K) lb. per square inch in the wale, a figure probably not 
exceeded. It is of course obvious from the equation of / = 3?c/*/2fch* 
that the stress in the extreme fiber is directly proportional to u\ hence we 
might have divided the high stress found from the theoretical earth pressure 
by 4. 

‘Table 50 is a table of resisting moments in wooden beams of various 
sizes aiul Table 51 gives safe h»ads on wooden posts, as developed from the 
formula of the I . S. Department of Agriculture, Bureau of Forestry." 



CHAPTER XI 


PURCHASING, HANDLING AND LAYING SEWER PIPE 

Pipe should be purchased under carefully prepared specifications. 
The price of sewer pipe is governed by standard list prices, Table 52, 
from which varying discounts are allowed at different times and by 
different dealers. The basic discount adopted by the ejistern manu< 
facturers for standard 2-ft. lengths of pipe, from which others are 
computed, is 75 per cent.; 2 per cent, additional, or 77 per cent, total 
discount, is allowed if the purchaser accepts the pipe as delivered and 
stands the losses due to defective quality and breakage. On largo 
work, if the pipe is bought subject to inspection, the pipe companies 
often prefer to have the inspection done at the mill before shipment, in 
order to save the losses due to reshipment of n'jected pipe. For this 
purpose they sometimes prefer to maintain an inspector at the mill at 
their own expense during the manufacture and shipment of pipe. Cities 
of considerable size, which are large regular customers of pijK) companies, 
often find that it is more economical for them to buy pipe as delivered, thus 
receiving the 2 per cent, additional discount, than to buy pipe subject to 
inspection. The difference between 75 and 77 per cent, off this list 
amounts to about 8 per cent, of the cost of the pipe at 75 per cent, off the 
list. Therefore, to make tins plan economical, the losses due to breakage 
and inspection must fall within this 8 per cent. 

While it may be possible to take advantage of this additional discount 
when dealing with pipe companies known to be absolutely trust- 
worthy and capable of turning out satisfactory pipe, and thus save 
money under the 2 per cent, rule, it is hazardou.s to assume that this 
can be done in all cases, esf)ecially when dealing with untried manu- 
facturers. It is seldom safe to attempt this saving when lots of only 
one or a few carloads are required, as occasionally large portions of a 
carload are broken or it is necessary to reject most of a carload of pipe. 
Thus the losses due to breakage and bad quality of one or a few carloads 
may often run so high that they cannot \)e brought within the 8 per cent.' 
limit when averaged with all the pipe used on the job. Where a contract 
is very large, losses due to these causes ought to average well within 
this amount. 

Pipe should be inspected on the cars as it is being unloaded. Technic- 
ally a car will not be delivered by the railroad company until the receipt 
for it is signed by the consignee, the railroad at the same time having a 

291 



292 


AMERICAN SEWERAGE PRACTICE 


rule that any claims for damage must be made at the time of delivery. 
This technicality is rarely insisted upon by a railroad agent, for it is 
impossible to inspect the pi|)e until one is allowed to enter and unload 
the car and look over its contents. Before the receipt is signed, it is 
advisable to show the freight agent tlie memorandum of broken and 
cracked pip(i, a copy of which should then be attached to the receipt and 
the latter returned to the railroad. This may save future correspondence 
and even disputes. An average carload of from 12 to 15 tons of 3-in. 
pipe contains about 3500 ft. of pipe, 4-in. 3000 ft., 5-in. 20(X) ft., 6-in. 
1700 ft., 8-in, 1 100 ft., 9-in. 1000 ft., 10-in. 700 ft., 12-in. 600 ft., 15-in. 
450 ft., 18-in. 310 ft., 20-in. 234 ft., 22-in. 190 ft., and 24-in. 160 ft. 
If a car has evidcnitly recciived bad usage in its passage over the railroad, 
its condition should be at once calhd to the freight agent’s attention 
before the receipt is signcnl, and its condition noted thereon. As a rule 
breakage exewding 5 per cent, of a carload is due to careless handling 
of the cur by th(‘ railroad com))any, and the cost of the damaged pipe 
may be rocoven'd. 

Pipe Prices. — Pipe may be bought in 2, 2-1/2 or 3-ft. lengths. The 
3-ft. lengths, ba.sed on tlu* standard 75 percent, discount, cost about 3-1/2 
per cent, more than tlui 2-ft. lengths. From the standpoint of the work- 
manship and the number of joints, and the consequent problem of 
leakage, 3-ft. lengtlis ar(‘ much to bo desired, tluar extra cost being 
more tlian comiH'nsated for by the lessened number of joints. On the 
other hand, the manufacturers unquestionably have somewhat gre^ater 
diflSculties in deliv(‘ring pipe of tliis length, of uniformly satisfactory 
quality, because of the tendency toward warping, and there are also 
somewhat greater possibilities of breakage. 

There were three standard price lists for standard, double-strength 
and deep and wide socket pipe in the United States in 1913. These 
were known as the eastern, western and southern lists respectively. 
The first was used east of the Illinoi.s-Indiana boundary and north of the 
Ohio River. The southern list applied to all states south of the eastern 
district and to Louisiana and Texas. There are now (1914) two 
western lists, the old and the new. Manufacturers at St. Louis, Kansas 
City, Denver and other western points are using the old list and those 
in Illinois, Minnesota and Iowa the new list. While the list prices in 
the new western schedule are much lower than those of the old schedule 
the discounts bring the net prices about the same. 

The manufacturers of vitrified sewer pipe issue from time to time 
discount slieets based on the standard list. For example, an engineer in 
the eastern district in 1912 would receive quotations in the following 
general form: The basic discount from the eastern list for 1912 for 
standard, straight pipe 3 to 24 in, in diameter, in 2-ft. lengths and 
carload lots, f. o. b. Boston or other New England shipping point, the 
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purchaser to stand lo^ from breakage and inspection, would be, say, 
75 per cent. The discounts on other classes of pipe than standard, 
when the standard is sold at 75 per cent, off, are given in Table 53. 
If the current discount on the standard was higher or lower than 75 per 
cent., the tabulated figures would be increased or decreased by the 
number of points which the current discount is higher or lower than 75 
per cent. The same discounts apply to the list prices for slants, branches 
and other specials. When the manufacturer stands the losses due to 
breakage and inspection, the discounts are decreased uniformly 2 
points. For cash payment in 15 days, 2 per cent, may bo deducted 
from the bill after paying freight charges. It should be repeated, these 
discounts are given merely as illustrations of the use made of the table. 

Inspection. — Vitrified clay pipe should be carefully insjwctod to make 
sure that it is of the quality required by the specifications and which 
the manufacturer agreed to furnish. Some manufacturers are suffi- 
ciently careful with their mill inspection of shipments to prevent a 
material number of rejections by the consignee on account of inferior 
quality. If this is not the case, it is usually better for both parties if 
the consignee sends an inspector to the factory to inspect the pipe as 
loaded. 

Inspection usually consists of “ringing" the pipe with a light hammer 
to see that it is not cracked, and carefully looking it over to see tliat it is 


Table 52 . — Htandakd List Puick.s of Sewer Pick and Specials in the 
United States, in Forc'e September, 1019 
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Table 52. — Standard List Prices of Sewer Pipe and Specials in the 
United States, in P'orce September, 1919 — (Continued) 
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Table 53. — Typical Discounts from Sewer List Prices, in Force 
September, 1919 


Dianioler, 

inches 

Standard pipe 

Double strength with deep and 
w'ide sorket 

2 ft. 

2J or 3 ft 

2 ft 

2i or 3 ft 

3 to 24 

15 to 24 

69% 

67% 

61% 

59% 

27 to 30 

1>6% 

66% 

57% 

57% 

33 Ui ^ 

i 64% 

64%, 

55%, 

55%, 


not excessively warped or deformed, that the bell and spigot ends are 
well formed and that it otherwise confoniw to the specifications. An 
experienced inspector with an accurate ear can ring and examine pipe 
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very rapidly, usuaUy as fast as the pipe can be loaded on or unloaded 
from the car. For inspection, the pipe should be stood on end, pref- 
erably the beU end, on the floor of the car. A single light tap of the 
hammer will then instantly disclose a crack if any exists, although it 
may be practically impossible to see it. If, for any reason, it is necessary 
to find the crack, this can usually be done by rubbing the inside with a 
piece of white chalk, afterward wiping the chalk around and at the 
same time tapping the pipe lightly with the hammer. The crack will 
then be easily visible, filled with white chalk. Many a dispute has l>6en 
settled in this way, without any harsh words. A record should bo 
kept of the number of pieces of pipe and sjwcials of each size in each car 
received and of the number rejected and the reason for the rejections. 
The blank form used for this purpose should have spaces to receive the 
number of the car, as “ 57203 P. R. R.,’’ the general title of its contents, as 
“8-in. Akron pii)e,’’ flie location where the car was set, as “yard,” the 
date and time of the rcceii>t and the complete unloading of the car, the 
name of the teamster taking away the pipe, a complete list of the 
contents as billed, a statement of the place of their delivery, a complete 
record of the rejections, the name of the man accepting tlio record and 
the data of acceptance, the railroad from which the shipment was 
receivc'd, and the date the rt^cords were received at tlie head office of the 
sewer department. 

IiLspection at the factory cannot wholly take the place of inspection at 
the point of unloading, and in fact the only way to be sure tliai crac^ked 
pipe do not find their way into the trenches is to inspect them on the 
ground just as they are about to bo laid. 

Tests. — In Illinois, Iowa, and other states where a large amount of 
cement pipe is used annually, attention has be(ni given to testing pipe as 
delivered, and several inexi)enaive and light machines have been devised 
for such work. One was designed under the direction of Prof. A. N. 
Talbot which has a wood frame and can l>e moved readily from place 
to place along the trench, if the pipes are cast on the job and must be 
tested there. A lever having a 1 : 10 leverage extends out from the frame 
and its end is gradually loaded with known weights until the pipe is 
broken. The pipe is held at the bottom on two narrow supports about 
2 in. apart and the load is applied along a single lino at the top. The 
difference in bending moments when the pip() has a single support at 
the bottom or two supports close together is so small that Professor 
Talbot regards it as unimportant in most practical work. C. W. Boyn- 
ton, testing engineer of the Universal Portland Cement Co., designed a 
machine for field testing which consists of a frame carrying a screw 
operated through gears by a hand-wheel. The pipe is placed between 
a horizontal chock on the lower end of the screw and a chair resting on a 
platform scale supported by tlie bottom of the frame carrying the 
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screw. The cfiair lias two lialf-round irons 2 in. apart on which the 
pipe rests. The chock has a half-round through which the load is 
applied to the top of the pipe. When the pipe has been placed on the 
chair the scale beam is balanced; on the end of the beam is a bucket 
into which water is admitted from a tank on the top of the frame as the 
load is applied by the hand-wheel. 

Where the Iowa pipe sp<‘eificati()ns arc in force, which require the 
load to be ai)plied to the top quadrant of the pipe and the support to 
extend around the bottom (juadrant, the tests arc made by machines 
designed under the direction of Prof. A. Marston, of Ames, Iowa, who 
will supply detailed blue-prints from which any good mechanic can 
make one. Th(‘ro are three sizes of these machines. The Amos Junior 
is for pipe up to 18 in. and in it the load is applied and the pipe is sup- 
ported by sand boxes. Above the upper sandbox is a jackscrew capable 
of loading the pipe with a total pressure of bOOO lb., which is as much as 
the ordinary scales on which the lower sandbox rests will carry safely. 
The Ames Senior machine is the size recommended for testing largo pipe 
where the apparatus must be shifted. The pressure exerted by the 
jackscrew is transmitted through a lever to platform scales and the reduc- 
tion in pressure due to the leverage has enabled the machine to be used 
successfully in testing pipe requiring a load of 24,000 lb. to break them. 
The Amos Standard machine has the same capacity but is not portable. 

The tests made under the Iowa specifications are as follows: 

Ahsorplion Tent. — 1. The Kpecimcn.s shall be approximately 3 in. square, 
and shall extend the full thickneas of the pipe wall, with the outer skins 
unbroken. 

2. Five individual te.sta .shall constitute a standard test, the average 
of the five and the result for each specimen being given in the report of the 
test. 

3. Each specimen shall be dried in an oven, or by other application of 
artificial heat, until it ceiises to lose further apprciuable amounts of moisture 
when repeatedly weighed. 

4. All surfacKis of the specimens shall be brushed with a stiff brush before 
weighing the first time. 

6. The specimens shall he wciglied immediately before immersion, on a 
balance or scales capable of accurately indicating the w’cight within 0,1 
per cent. 

6. The water employed shall be pure soft water, at the air temperature of 
a room which is artificially heated in cold seasons of the year. 

7. The siiecimens shall be completely immersed in water for a period of 
24 hours. 

8. Immdfliately upon being removed from the water, the specimens 
shall be dried by pressing against them a soft cloth or a piece of blotting 
paper. There sliali he no rubbing or brushing of the specimen. The 
reweighing shall be done immediately with a balance or scales capable of 
accurately indicating the weight within 0.1 per cent. 
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9. The result of each absorption test shall be calculated by taking the 
difference between the initial dry weight and the final weight, and dividing 
the remainder by the initial dry weight. 

Testa of Bearing Strength, — 1. The sjjecimens shall be unbroken, fuU>flised 
samples of the pipe to be tested. They shall be carefully selected so as to 
represent fairly the quality of the pipe. 

2. Five individual tests shall constitute a standard tost, the average of 
the five and the result for each specimen being given in the report of the test. 

3. The specimens shall be dried by keeping them in a warm, dry room 
for a period of at least two days prior to the test. 

4. Each dried specimen shall be weighed on reliable scales just prior to 
the test. 

5. Each specimen shall be accurately marked, with pencil or crayon lines, 
in quarters, prior to the test. Specimens shall be carefully bedded above and 
below in sand for the one-fourth circumference of the pipt?, rneasurecl on 
the middle line of the pipe wall. The depth of bedding above and below the 
pipe at the thinnest point sliall be equal to one-fourth the diameter of the 
pipe, measured between the middle lines of the pipe walls. 

6. The top bearing frame shall not be allowed to come in contact with the 
pipe or with the test load. The upper surface of the sand in the top bearing 
shall be carefully struck level with a straight edge, and shall be carefully 
covered with a heavy, rigid top bearing, with lower surface a true plane, 
made of heavy timbers or other rigid material capable of uniformly distrib- 
uting the test load without appreciable bending. 7'he test load shall be 
applied at the exact center of this top bearing in such a way (either by the 
use of a spherical bearing, or by the use of two rollers at right angles) as to 
leave the bearing free to move in both directions. In case the test is made 
without the use of a machine, and by piling on weight, the weight may be 
piled directly on a platform resting on the top bearing; provided, however, 
that the weight is piled in such a way as to insure uniform distribution of 
the load over the top surface of the .sand. 

7. The frames for the top and bottom bearings shall be (imposed of timbers 
so heavy as to avoid apjjreciable bending by the side pressure of the sand. 
The frames shall be dressed on their interior surfaces. No frames shall 
cxjme in contact w'ith the pipe during the test. A strip of soft cloth may be 
attached to the inside of the upper frame on each side along the lower edge 
to prevent the escape of sand between the frame and the pipe. 

8. The sand used for bending the pipe at top and bottom shall be washed 
sand which has passed a No. 8 screen. It shall be dried by keeping it spread 
out thin in a warm, drj' room, 

9. The test load shall be applied gradually and without shock or dist^irb- 
anoe of the pipe. Tlje application of the load shall l>e carried on continuously, 
and the pipe shall not be allow ed to stand any considerable length of time 
under a load smaller than the breaking load. 

10. The total breaking load shall be taken as equal to the total top load, 
including the applied load, weight of top frame, sand for top bearing, top 
bearing timbers, etc,, plus five-eighths of the weight of the pipe. This 
total load shall be divided by the length of the pipe in feet so as to give the 
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()earinf( strength per linear foot of pipe. In testing sewer pipe the bells sliall 
be bedded and loaded, os well as the body of the pipe, and the length over 
all should be used in computing the })earirig strength per linear foot. 

The ModuluH of Rupture . — The modulus of rupture of drain tile and sewer 
pipe shall bf3 computed by the following rule: Divide the bearing strength 
in iKiunds per linear foot by 12, and multiply by the radius in inches, 
measured to the center line of the pipe wall; then divide this product by the 
square of the top or bottom thickness of the pipe wall in inches. The 
quotient will be tin* modulus of rupture, in pounds per sipiare inch. The 
average thickness of the pipe wall .shall be carefully measured at the top of 
the pipe, and also at the laittom, and the smaller of the two average thick- 
nesses shall be used in the computations. 

The ub.sorfition and breaking loads of vitrified clay and cement pipe 
tcat(‘d by the Iowa methods are given in Volume I. 

The tents of sewiT pijie made by the Brooklyn Bureau of Sewers are 
carried out in a 7.5,000-11). Riehlt^ erushiiig machine large enough to 
receive a 4H-in, pip(‘. The pipe is not biaided in sand, which the 
Bureau believe.s incnuises the elTi'et of the b(*ll on the total breaking 
strength to a ma.ximum. According to (1 T. Hammond (Proc. Am. 
Soc. Test. Mat., xi, S.52), ‘‘the bell udd,s to thestriuigth of theliell-end 
of a pipe expased to a crushing load and the (‘ffect will vary with the 
length of the barrel of the pipe and also with tlie various conditions 
involved in the test. The effiTt i.s greativst on short lengt hs of pipe; thus, 
a 24-in. length of pi}H’ with a bell will gi\e a higher crushing load per 
foot than will a 3r)-in. huigth with a bell, the barrel portion of which is of 
equally strong material. Again, a pipe without a bi'll will br(‘ak under a 
lower criishing load than a pi|)e of the same size of no better and no 
stronger material provided with a bell.” "i'he load is applied, in the 
Brooklyn tests, through a strip of plaster of Pari.s I in. wide, jilaced on 
the pijx* between two wooden strips, into which the “knife” fits and 
into which it is put while the plaster is soft. The wood strijw arc 
removed before the teat begins. • The barrel, but not the bell, of the pipe 
rests on a bed of sand which appears to de^elop a reaction ovi'r about 
10 deg. of the circumfeixmce of the section. TIutc has been some talk 
of abandoning this method of supjKirt in favor of a knife edge at the 
bottom as well as the top, not only l^ecause thi.s is bclie\ed to gi\T the 
greatest uniformity in the results but also b(‘cause the unit strength of the 
material can be more easily and exactly determined from the test results. 

At Kansas City, Mo., both cement and clay pipe are regularly tested 
(1913) to determine if they comply w'ith these requirements: 

HydroBtati^jft43st: Untreated pipe shall show no percolation up to 10 lb, 
pressure and shall resist fracture at 33 lb. pressure per square inch. 

Crushing teat : When supported on a bed of sand, so that an even bearing 
is provided throughout the length of the pi|)e, the various sizes of pipe shall 
withstand the following pressures in pounds per linear foot applied at the 
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crown uniformly along a line 1 in. wide and extending the whole length of 
the pipe exclusive of the bell: 

Size, inches 6-8 9 10 12 15 18 21 24 

Pressures, pounds . 1000 1050 1100 1150 1300 1450 1700 2000 

Tlie hydrostatic test is conducted in an apparatus designed to prevent 
any other pressures being exerted on the interior of the pipe than those 
normal to the shell. In the apparatus first used there was some doubt 
whether rupture was caused by true water pressure on the shell or by a 
wedge action of the head used for closing the bell. In the improved 
apj)aratus both ends are closed by heavy rubln'r (uips held in place by a 
frame, described in Engineering Netvs, March 20, 1913. 

HANDLING AND STORING PIPE 

It is a waste of money to inspect pipe and then by carele.S8 handling 
run the risk of breakage before they are finally laid in the trenches. 
Care should be taken in unloading and piling, and pipe should always 
bo hauled in a vehicle provided with good springs. That the pipe are 
brittle and easily broken, should always be borne in mind by the men 
handling them. The men .‘«hould be required to load the pipti carefully 
on the wagons, not only so as to reduce the dang<‘r of cracking th(un but 
also to insure full loads for teams. With a two-horse wagon having a 
body about 12 X 4 ft., 24 ft of 24-in. pipe will be a load, 33 to 45 ft. of 
20 and 22-in., 60 to 06 ft. of l.>in., 90 ft. of T2-in., 1 14 ft. of 10-in., 150 ft. 
of 8-in., 225 ft. of 6-in. and .375 ft. of 4-in. 

Pipe up to 24 in. in diameter are usually handled from the cars to 
w'agons by hand. For sizes larger than tliis, wliich, however, are not 
much used at the present time, an ordinary guy derrick is convenient, 
although not absolutely necessary, as it is possible, by means of chutes, 
to handle the pipe by hand. Large cities should have yards for the 
storage of pij)e and temporary yards may be desirable nearer work of any 
magnitude. The pipe should be stored in piles, the bolls of one row 
alternating with the spigots of the next row on top, so that the different 
layers of pipe maintain a generally horizontal position. The ends of 
these piles must bo sloped well back and blocked, so that there is no 
possibility of starting a run of the pipe in the lower rows, which would 
be disastrous to the whole pile, branches and specials are stored in 
somewhat the same way, but it is usually necessary to place boards 
lietwoen the different rows, in order to pre8cr\'o the stability and shape of 
the pile. 

It is desirable to carry through the winter no more pii)e than neces- 
sary, and such as is on hand should bo so piled that there is no possibility 
of the }ower pipes freezing into the ground or holding water which may 
freeze and thus cause breakage. 
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Pipe should not be stored on the job much in advance of the needs of 
the work being carried on. Where it is possible to store pipe in con- 
venient yards, generally one or two days’ supply on the job is all that is 
desirable, for in busy streets or about construction work there is a 
possibility of consid(?rable breakage. 

The pipe up to a diameter of IS in. and possibly 24 in. are usually 
handled at th(! trench and lowered into it without the aid of machinery. 
A three-legged derrick, such a.s is used for lowering water pipe, is con- 
venient, however, in the cjise of 24-in. and essential for larger sizes. 
A j)ip(>laying d(Trick mount«‘d on a truck with wheels resting on a 
plank runway on each side of tlu* trench is made by William Heggie, 
Joliet, 111. {hng. News, Feb. 20, lOFl). For ordinary sizes of pipe a 
hook-rope is convenient, having a hook spliced in one end and a chain 
and hook spliced in th(‘ other. This chain is passed through the pipe 
and the hook fastened over the chain at th(‘ spigot md of the pipe, thus 



foiroing a loop in which Uie pipe hangs as it is lowered into the trench. 
Where some one of the jointing compounds is used, by which several 
pipe are put together on the bank, it is possible for two men to lower 
them into place, each one holding a rope looped over the pipe, one at 
either end, although it is better to pass a stiff rod through the pipe 
and attach a hook rope to each end, thus avoiding danger of the pipe 
sa^mg or breaking in the middle. The pole should have an eye in each 
end. 

After being lowered into the trench, the pi|>o is umially shoved into 
place by the pipe layer, hie hel|icr Ufting the spigot end by means of a 
wire or strap passed under the pipe, although in this case, also, some 
mechamcal devices may be desirable for the larger sizes. One of these 
devices. Fig. 100, consists of a long and strong hook by which the pipe 
may be lowered in a horizontal position, and the spigot inserted in the 
bell of the preceding pipe. Still another of these devices is the pipe 
buggy shown in the same illustration, which is handy in entering the 
Spigot of one length into the bell of another. 
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The bottom of the trench should be brought as near as poesiblc to 
subgrade, and a hole excavated at the place where the bell of the pipe 
will come, large enough to enable the workman to pass his hand under 
the pipe in order to calk the gasket into place and to fill the joint with 
cement, in case it is used. If, when the pipe is in place and tested for 
line and grade, it is found to be slightly too high, it is sometimes possible, 
by raising and pushing it down or lightly tapping it on top, to force it 
down to grade, but if it is much too high it is necessary to lift it up and 
scrape the earth out from underneath. If the bell of the pipe is found 
to be too low, the length should be removed and earth carefully shoveled 
and spread into place, in order to bring it up to grade. Pieces of rock 
or blocks or any supports of like character should never be placed under 
a vitrified or cement pipe in order to raise it to the proper grade, bocaiiso 
they are rigid supports and when the trench is backfilled the pipe may bo 
forced to act as a beam, which is a dangerous condition. 

LAYING PIPE 

For laying pipe of ordinary sizes, three or four men are requiretl. One 
handles the pipe on the bank and lowers it into the trench; another 
receives the pipe and places it in position. Ho is followed by a third 
man, who makes the joint and carefully tamps the earth under and 
around the sides, filling the boll hole completely. The filling around 
the lower portion of the pipe should be placed uniformly on both sides 
of the pipe and care should be taken not to force the pipe out of 
position cither horizontally or vertically. Where the work is being 
carried forward rapidly, this final oj)cration may be done by a fourth 
man. 

The head of the tamper u.sed until the backfill is about a foot over the 
pipe should have a face not exccaMling 1-1/2 X 5 in. nor weigh more than 
7 lb. A tamper of even smaller size may be used to advantage until tlie 
filling is brought well up above the springing line of the pij>e. Such a 
tamper may have a face about 4 in. long, a thickness of 1/2 in. and a 
handle made of 5/ 8-in. iron. The head should bo canted slightly to aid 
in reaching the filling well under the pipe. 

In ordinary stable ground the preparation of the trench for the pipe U 
a simple matter, and the bottom should bo shaped as nearly as possible 
to fit the circumference of the pipe, boll-holes being excavated at the 
proper places. Where the trench is in rock it is generally specified that 
the bottom shall be excavated 6 in. below the gratlo of the invert of the 
sewer and the space refilled with gravel or fine material as a support for 
the pipe. There is some diversity of opinion as to the extent to wluch 
the trench must be prepared under these conditions. Some specifica- 
tions require that the rock shall bo everywhere at least 6 in. below the 
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newer, even to the extent of requiring that the rock under the bells 
of pif)e8 shall Ik? blasted out to greater depth than under the body of the 
pip(?s. Other specifications merely insist that the pipe shall have a 
uniform bearing. 

The tests upon earth pressures made by Marston and Anderson, de- 
scribed in VoIum(‘ I, indicate the desirability, when practicable, of nar- 
rowing the trench at th(‘ bottom by leaving earth shoulders on each side, 
at a level abov(‘ the top of the sewer j)ipe, to increase the arching action 
of the backfilling and thus reduce the load or pressure upon the pipe due 
to it. 

Th(^ greatest diffieuUi(*s in laying sewer pipe are (‘iieountered in wet 
trenches. Onder such conditions the water is usually carried away 
by meaiiH of undcTdruiiis. These are usually drain tile with open joints 
covered by strips of muslin and surrouiKhal by coarse gravel laid in a 
Bubtrench dug in advance of the pipe laying, either to one side or 
directly undiT the line of the proposed sewer. The size of the drains is 
something to b(‘ dctermiiuKl by exi)erience and judgment rather than by 
rule. These umh'rdrains are seldom less than 4 in. in diameter or more 
than S in. Sorm't lines water enters so fa.st that it is impossible for it to 
find its way thnuigh tin* grav(jl into the underdrain, and in such cases it 
may be nee(‘ssary to jirovide a small sump a short distance in advance of 
the pipe laying, from which the water may be coijstantly pumped, other 
sumps being dug farther along as th(‘ work progre.sses. 

In very wet trenclu's in fine sand, the bottom sometimes boils up and 
resembles (luicksand, and it becomes necessary to hold the bottom dow'ii 
by one means or another. Frequently gravel ami coarse sand will be 
of some service; straw, bn<‘kbats, broken stone, cinders and like materials 
have all been used with more or less success from time to time. The best 
results are undoubtedly obtained when coiuTcte is used in the bottom 
of the trench, but even this material sometimes is insufficient to hold 
down the boiling sand, and it i.s necessary to spread a platform of boards 
on the bottom of the trench before dumping concrete there. Where 
planks are used in this way they should be worked dow'n through sand 
and water to at least b or S in. below the bottom of the sewer, and the 
water and sand chained off above them as thorouglily as possible before 
putting in the concrete. 

In the very wet trenches of the Batavia, N. Y., sew'erage system, for 
example, particular attention wits paid to securing a rigid foundation, 
according to Charles Hoopes, Resident Engineer. The material below 
the invert was carefully watched, extra excavation and refilling with 
gravel were 4one when the soft material w'as shallow' and sometimes 
when it was dc*ep a concrete slab was put in below’ the invert. From 30 
to 40 ft. were excavated ahead of the pijK* each day to a depth .of 9 to 
12 in. below the invert, and a drj' mixture of cement and gravel was 
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rammed into the bottom of the trench to a grade which would be ap- 
proximately 2 in. below the bell. The next day the pipe were laid on thia 
slab by raising the grade with this same drj' mixture, and after the pipe 
were at grade and jointed each pipe was rammed to the springing line 
with the mixture, and the trench was then backfilled with selected eartli 
in the usual manner. In many places the earth pressure and the depth 
of soft material were so great that the pipe had a tendency to float. Then 
7/S-in. boards 4 to G ft. long were nailed together, forming a lap at each 
seam, and driven as sheet piling to a depth of 2 to 4 ft. below the invert, 
depending upon the width of trench. Between these walls of sheet 
piling the concrete was deposited and pipe laid, this 7/S-in. she(‘ting 
being loft in place. After two years no deflections appeanal in sewers 
constriKited in tliis manner oven in the softest material {Eng. Record, 
Nov. 9, 1912). 

The use of platforms under sewers is rather frequent and they may 
be built in various ways. Some engineers prefer a singh^ plank laid 
directly under the sewer; this allows the water running over the bottom 
to pass alo!ig either side w'ithout undermining the sewer itself, but there 
is a possibility that this water may wash atid cave in the sides of the 
trench. Other engineers prefer to build a cradle of timbers laid longi- 
tudinally a few" inches apart, each length of pipe being supported by a 
transverse timber near each end, cut to conform to the shape of the 
pi{) 0 . By this method the water flows through the space left between the 
longitudinal timbers. On the other hand, there is a po.ssibility that if 
an underdrain has been previously laid the w’ater flowing directly under 
the sewer and over the underdrain may wa.sh the material into the under- 
drain and cause the bottom to cave in, causing .settlement of the sewer 
itself. There is also the danger of cracking the pipe on account of the 
possible lack of firm, uniformly distributed support below it. 

In some kinds of material, particularly in (juicksand, it may be 
almost impossible to carry the bottom of the tr(*nch down to the projwr 
grade, without resort to various expedients. One of these consists of 
placing two planks on edge and far enough apart to include the pipe 
Ixitween them, thus forming a sort of bottomless box. The ends of 
the.se planks are fastened together in such a way as to k(iep them vertical, 
and they are then W’orked dow'n into the quicksand to the bottom of the 
trench and secured there to the trench bracing. Planks cut of such a 
size as to form a bottom for this box are then put in place, one by one, 
men standing on each plank and working it dowm into jdace where it is 
fastened by cleats at either end. 

A great deal of such work, however, may l)e obviated by careful 
handling of trench work, by accurate and rapid work doing away as far 
as possible with any unnecessary passage or walking over the material 
on the bottom by the men, for material of bad quality will sometimes 
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stand up for a few minutes if not disturlwx!. A method of handling such 
work by draining out the ground water is described in an article by 
I^eonard Metcalf in Journ. Asaoc. Eng. Sacs., vol. xxiv, page 277. The 
drainage is usually done with driven wells. 

The importance of proper supports for sewers is shown by the results 
of an investigation of the Hoboken sewerage system made in 1912 by 
James H. Fucrtes. A large part of th(^ city is quite flat, and the streets 
have generally been raised to their present elevation. There are large 
areas on which water stands throughout the yejir, lying from 1 to 3 ft. 
below the stn^et levels and at about the m(‘an high-tide elevation. The 
surface is a thin stratum of loose, porous material underlaid by soft 
muck or silt of great depth. All permanent structures, even one-story 
buildings, have to b(‘ placed on pile foundations. A large portion of 
the paved stre(‘t.s w'ere much lower tlian the oflieial grades, there being 
many intersections where tin* ditterenec' was 10 to 20 in. No informa- 
tion could be obtained conceniing th(;ir elevations wdicn first constructed. 
Owing to the boggy nature* of the ground, the sewers, excepting those 
on a firm pile foundation, had settled out of line and grade so that, in 
some cases, th<‘ir slotie^s were in directions the opposite of tliosc originally 
laid out. In some cases scw'age stood above the top of the sewer in the 
manholes and in a few^ cases apfx'ared even in tlni catch basins at street 
corners. It was found, however, that most of the sewers placed on piles 
wcrt‘. in fairly good condition as to line and grade, and the fact that the 
pile foundation prevented a distortion of the sewers was shown by the 
presence of a large ridge in the street surfaces above the sewers, the 
street elsew here having settled so much in some cases as to throw the 
fire hydrants far out of plumb. 

Branches. — A branch sliould be set in the sewer at every house. If 
the house is provided with plumbing, the engineer should go into the 
cellar and sec where the main soil pipe leaves the building; the branch 
should be set slightly dowm the line of sew’er from this point. If it is not 
possible to gain admission to the cellar, or if the house is not provided 
with plumbing, the engineer should decide on the proper location for the 
branch from the general appearance of the house. The branch should 
usually be set well down the sow'er from the center line of the house and 
occasionally below the lower line of the house. Branches should also be 
provided for all vacant lots, the spacing depending upon the frontage of 
the lots. Where vacant land is not cut up into house lots the branches 
should be placed at frequent intervals, according to the general custom 
of laying out lots in the locality. The engineer should notify the foreman 
of the approjdmate location of the points at w’hich branches are to be 
placed. The common practice is to have branches everj" 30 or 40 ft. on 
each side. 

When tlie branches have been laid they should be referenced as 
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described in detail on page 38. If possible the engineer should 
“locate" the branches before the trench is backfilled. If he is not on 
the work the foreman should be very cai’eful to have a pole sot at each 
branch before the backfilling is done. If poles long enough to reach to the 
surface of the street are not available, stakes may bo driven opp)08ite 
the branches, or laths may be tied to the tops of the poles. Great oaro 
should be taken to see that stakes are driven or polos set on the same side 
of the trench as the branch. In measuring up after the backfilling is 
completed, the engineer must be careful to make an accurate record as 
to whether the branch leaves the sewer on the right or the left. 

A convenient method of recording the location of manholes is to refer 
them to the next lower manhole. For example, the first manhole at the 
lower end of the street should be numbered 1 , and the successive man- 
holes numbered consecutively, as 1, 2, 3, etc. The first manhole will bo 
located from the street lines in both directions, as shown in Fig. 107, 
from a Worcester record. The first has a depth of 8.20 ft. and its water 
line is at El. 300.17. It is 30 ft. southwest of manhole 2 on Wigwam 
Ave., 2C ft. from the east street line, and 0.6 ft. north from the south lino 
of Wigwam Ave. The sewer has an 18-in. oval concrete section and 
was built in 1904. The fifth manhole is 0.43 ft. deep and its water lino 
is at El. 401 .717. It is 180.4 ft. south from manhole 4 on Alvarado Ave., 
26 ft. from the east side of the avenue, and 23.1 ft. south from the north 
line of Lake View St. The sewer in Alvarado Ave. at manhole 5 is a 
15-in. oval cement section built in 1004, and is joined at the manhole 
by a 12-in. lateral sewer laid in Lake View St. in 1012. The branches for 
house connections arc recorded as shown in Fig. 1(X8. This shows that 
there is a 6-in. branch on the west side of the sanitary sewer opposite a 
vacant lot, at 20.6 ft. south from manhole 1 and 27 ft. from the east 
street line. There is also a 6-in. branch on the ea.st side of the sewer 
opposite house No. 33; it is 77 ft. south of manhole 1, 23 ft. from the 
cast street line, and 13.4 ft. south from the north line of the house. 
Both sets of records are kept in Kalamazoo loose-leaf binders on sheets 
measuring about 12-1/2 X 18-1/4 in. One set of manhole records or 
two sets of branch records can be kept on a page. 

The branches are provid(Hl with stop^jers to close the side outlet* 
until such time as the connection is dfwired. 1 hese stoppers should bo 
put in place before the branch i.s lowered into the trench, and should be 
made as nearly water-tight as possible. 

In Worcester, Mass., the stoppers are inserUni at the yard Ijoforo the 
branches are carried to the work. This is done by placing a number of 
Y’s on a specially designed horse, so that the branch openings are in a 
horizontal plane. The stoppers are then placed in position, jute is 
calked around them, Fig. 109, and considerable cement is placed around 
and over the jute and stopper. Then a piece of wood, cut in the form of 
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Fig 108 — Method of recording location of branches. 
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a truncated cone, is twisted around on top of the stopper. This forces 
the cement to the outside, forms a circular ring of cement in and over the 
joint, and leaves the central part of the stopper clean. Afterward, when 
it is desired to make a connection with one of the branches, it is necessary 
only to break the central part of the stopper with a hammer. It is then 
easy to chip out the remainder of the stopper and the mortar joint with a 
cold chisel. A generous quantity of jute should bo used in making the 
joint, so that the cement will not fill too large a portion of the space be- 
tween the stopper and the bell of the branch. 

Branches stoppered in this way have been tested on many occasions 
and have been found free from leakage. It is a groat advantage to put 
in the stoppers either in the store 
yard before the branches are shipped 
to the job, or upon the bank before 
they are put into the trench, as they 
are then much more easily accessible 
than they are after being laid. One 
man can put in about 100 of those 
stoppers in a day of 8 hours. 

Iowa Pipe-laying Requirements. — 

The requirements of the state drain- 
age and engineering associations of 
Iowa for laying pipe in that state are 
based on the results of the investiga- 
tion outlined in Volume I under sewer 
pipe, and are so unusual that they 
must bo considered by themselves. 

The specifications issued in 1913 provide that no drain tile or sewer 
pipe not strengthened by bedding in concrete may bo used in any 
part of a ditch where the average bearing strength of the pipe, as de- 
termined by the Iowa standard tests, is not equal, in addition to the 
weight of the pipes themselves, to at least 165 per cent, of the ordinary 
maximum load on pipe in ditches, as given in Volume I. Drain tile 
and sewer pipe having a lower bearing strength than that required, if 
used, must bo strengthened by bedding in concrete. No sewer pipe may 
be used having a bearing strength less than 1250 lb. per linear foot for 
sizes under 15 in., 1500 lb. per linear foot for 15 to 20-in. pipe, 1900 lb. 
for 21 to 27-in. pipe and 2400 Ib. for 28 to 36-in. pipe. 

The average diameter of the pipe is not permitted to be 2 per cent, 
under the specified diameter. No two diameters arc permitted to 
differ from each other more than 5 per cent. Adjacent pipe must 
match truly, which must be tested on the bank before the pipe are 
lowered into the ditch. 

In all ordinary pipe laying in large sewers, the contractor is required 
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to shape the bottom of the ditcli approximately to fit the lowest 90 deg. 
of the circumference of the pipe, taking pains to secure an extra firm 
bearing near the outer edges of the 90-deg. strip. On the concave 
surface prepared in this way, a 1 to 2-in. layer of pulverized soil or sand, 
free from pebbles greater than 1/4 in., must be laid, and the pipe 
bedded firmly in it, truly to line and grade. Wliere the bottom of the 
trench is so wet and soft as to enable thorough bedding of the lowest 
90 deg. of the pi])e without the use of pulverized earth or sand and still 
is firm enough to afford a secure support to the pipe and the backfilling, 
the omission of the layer of earth or sand may be authorized, but this 
authorization will not excuse imperfections of bedding of the lowest 90 
deg. of the pii>(‘ eircumference. 

The 8pa(’e between th(^ pipe and the bottom and sides of the ditch 
must he completely packed full, by hand, with selected earth, and 
tam|H5d with a light tamf>er as fast as placed, all up to the level of the top 
of the pi|)e. The side filling mu.st be carried up as fast on one side of the 
pipe as on tlie otluT. The pipe must then be covered by hand with 
selected (^arth to a depth of at least 18 in. above the top of the pipe. 

Wlu'uever the fac^tor of safety of the pipe, as calculated from the tests 
of strength and the tabulated load imposed by the backfilling, exceeds 
2.5, the shaping of the bottom of the ditch to fit more than 45 deg. of the 
bottom of the pii)e may be omitted, together with the bedding in an 
earth or sand layer and the sfwcial tamping of the side filling around the 
pif>e. 

In all parts of ditclu's in soil where the pipe must be strengthened to 
carry heavy loads, by bedding in concrete, the Iowa requirements 
call for work done substantially as follows: The bottom of the ditch 
must Ik* shaj>ed by the (‘ontractor to fit approximately the lowest 90 deg. 
of the pipe circumfenaice. On the concave surface so prepared, the 
contractor must spread a layer of at least 2 in. of soft concrete stiff 
enough to su.stain the weight of the pipe, and the pijx) must be firmly 
bedded, truly to line and grade, in this concrete. The space between the 
pipe and the bottom and sides of the ditch must then be completely 
packed full of soft concrete up to a level 15 deg. of the pipe circumference 
above the mitl-hcight. The thickness of the concrete must not at any 
point be less than 2 in., and it must be tamped in place with a light 
tamper. The concrete used in this method of strengthening pipe must 
be made of 1 part Portland cement and 8 parts gravel, or 1 part 
Portland cement, 5 parts sand and 8 parts broken stone. 

In all parts of ditches in yielding soils, such aa muck and quicksand, 
where the pip^ must be strengthened to carrj' heavy loads, by bedding it 
in concrete, the Iowa specifications require the work to be done in the 
following manner; The bottom of the ditch is finished approximately 
level, with slightly rounded comers, and on this is spread a layer of soft 
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concrete, the full width of the ditch, in which the pipe are firmly bedded 
truly to line and grade. The thickness of concrete l>elow the lowest 
part of the body of the pipe is at least one-eighth of the inside diameter. 
Soft concrete is then built up on each side of the pipe, completely filling 
all the space under and up to it, up to a level on each side of the pipe 
about 15 deg. of the pipe circumference above the mid-height. The 
width of the concrete is such as to give a thickness on each side of the 
pipe at its mid-height of at least one-fifth of its inside diameter. The 
concrete is tamped with a light tamper, and is mixed in the proportion 
of 1 part Portland cement and 5 parts of gravel, or 1 part cement, 3 parts 
sand, and 5 parts broken stone. 

BACKFILLING 

One of the most important steps in the laying of pii)e and masonry 
sewers is backfilling the material excavated from tJie trcMich. The 
pipe must be well supported on its lower surface and t h(‘ (^arth should be 
thoroughly consolidated around the upper half. 

The material for filling around the sewer, especially a pipe sewer, 
should be selected, and large stones or hard lumps of earth excluded. 
The fill should be carried up equally on both sides of the sewer and 
should be thorouglily rammed in thin layers as fast as it is thrown into 
the trench. For this purpose an iron rammer, having a face about 
1/2 in. wide and about 4 in. long, with a 5/H-in. iron liandle, is well 
adapted. The head of the rammer should be slightly canted to one 
side so that it may be readily forced in under the pif)C. When the back- 
filling is brought up about to the springing line of the pip(’, and thoroughly 
tamped, a heavier and larger rammer may be used. This should be 
about 1-1/2 in. thick by 5 or 0 in. long, and have an iron handle of 3/ 4-in. 
gas pipe. This rammer should be used in filling a trench up to the top 
of the pii>e. 

The backfilling of the trench above this point is of much importance, 
because if not thoroughly done settlement is likely to take place. Only 
loose dirt should be placed around the pipe until the backfill is carried 
to a height of 6 to 12 in. above the crown of the pipe, or higlicr if filling 
is dumped from a height in large quantities, as from a bucket. Above 
this filling the coarser material may be used, but care should be taken 
to liave rocks and lumps of hard material completely surrounded with 
fine material, so that there shall be no large voids. Usually one rammer 
to one or two men shoveling the earth into the trench, will accomplish 
satisfactory w’ork. 

With some kinds of material the backfilling may be consolidated by 
the use of water, the process being known as puddling. Water should 
usually not be put into the trench until the bac;kfilhng has been carried 
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up a Hhort distance above the top of the pipe; then the trench should 
be partly filled with water and the earth thrown into it. The use of 
wat(T is particularly well adapted to materials through which the water 
can be readily drained away. Water should not be used in clayey 
materials which will hold it for a long period of time and which tend to 
shrink as the water dries out. 

By thorough ramming it may be possibh* to put more earth into a 
trench than by j)uddhng with water. With some classes of material, 
such fis loam, it is possible to put mor(‘ mat(;rial back into the trench than 
came out of it, and with sizes of pipe up to If) in. usually all such material 
taken out can be put back. With other material, such as gravel, clay 
and hardpan, there will be a surjilus left aftia* backfilling, in excess 
of the cubic spac(‘ takiui uj) by the pijie and manholes. 

It is often desirable to fill the trench completi'ly full of earth or 
ev(ui overfill it and tlaai to roll it with a steam roller. If the trench 
is narrow this may best b(‘ done by so operating the roller that one of 
the rear whf'els will pass ov(‘r the trench and follow the backfilling 
down b(‘low the surface of the strei't. If sufiicieiit material is put into 
and over the trencli to comph‘tely fill it after rolling, it will be necessary 
to nmiove a portion of th(‘ surface to rnaki* room for the macadam or 
jiaving to b(^ put back later. Where a roller is used it is important 
to take care not to hit th(‘ manholes, as th(‘, frames may be displaced 
and the brickwork injured. 

It is generally possilile and in most cases practicable to backfill a 
trench so that no settlement will be apparent on the street surface. 
In a loosi'ly backfilled trencli, how'ever, s(‘tt lenient is almost sure to take 
plac(‘. If pavenuMit is laid over such a fill the s(‘ttlement, may not take 
place for years. In som<‘ cases pavement has given way or has been 
taken uj) years after the sewer was laid, and the backfilling was found 
to have settled considerably, leaving largi* spaces lietween the soil and 
the bottom of the jiaviunent, an unsafe condition because of the danger 
of the pavement breaking tlxrough under loaded vehicles. 

Care should Ix' taken when dumping backfilling into the trench from 
bucket machines or derricks that an exc(*ssive shock or load be not placed 
upon the structure. Filling so deposited should be spread sufficiently 
to till all spaces in the trench. 

In verj' deep and wide trenches it may sometimes be less exjxjnsive to 
repair the street after settlement than to go to the expense of very 
thorough tamping during construction. The engineer in drawdng his 
specifications for the consolidation of backfilling must use judgment 
as to the expciisi* to wliich he cares to go to liave the backfilling tamiied 
or puddled, basing his judgment upon the character of the work and the 
nature of the locality through which the sewer is to be built. Where it 
is not desired to spend sufficient money to thoroughly tamp the back- 



PURCHASING, HANDLING AND LAYING SEWER PIPE 311 


filling much can be accomplished with little labor by spreading the 
dirt to make sure that the voids around the stones and hard lumps of 
earth are filled. The use of water in puddling is generally less expensive 
than tamping and where it is not necessary to do thorough tamping, 
much can be accomplished by the judicious use of water. Upon some 
large work it is not practicable to fill the trench with water and throw 
the material into it. If this is impracticable considerable good can be 
done by the intelligent use of a stream of water from a hose. 

The cost of backfilling may in part be offset by the saving in the 
amount of material to be hauled away. Where it is necessary to haul 
Uie surplus material a long distance, the co.st of hauling may bo fully 
as great as the cost of the tamping necessary to put the material back 
into the trench. 

Backfilling should always be done as soon as possible after the sewer 
is built, in order to clean up the street and prevent inconvenience to the 
public due to large j)iles of dirt left in the street unnecessarily long. 
Where there is a surplus of material, the finer material and that which 
can be consolidated to best advantage should be used for backfilling, the 
coarser })art lieing carried to the dump. In freezing weather it is 
sometimes difficult to get enough fine, unfrozen eartli for backfilling 
immediately around the sewer. This should be doiu', howi^ver, even if 
necessary to thaw the earth thrown out upon the bank for the purpose. 
Filling the trench with frozen earth is always unsatisfactory and it is 
never jiossible to secure a well-compacted fill untler such conditions. 
S(*tt lenient follows thawing in the spring, wlien further filling becomes 
necessary. Moreover, the integrity of the .sewer pipe may be endan- 
gered by such practice. 

Whe.rc it is not nec(*ssary to reopen the street to travel, as when the 
.sewer is built through open fields, the amount of labor devoted to tamp- 
ing may sometimes be redu(a*d or wholly eliminated and the fill allowed 
to settle* and become com})acted by rains. 

Tamping is a portion of the work which is very likely to be neglected. 
It is not excessively expensive and is usually well worth the cost, espe- 
cially in city streets. The cost of tamping varies gri^atly, but in ordinary 
city trenches where the sevs'crs are small, it may be done by from one 
tamper jkt shoveler, to one tamp<*r to thrc*e shovelers, or say rougiiJy 
from $0.15 to $0.05 per cubic yard. 

Trench tamping machines an* used in a few places for consolidating the 
backfill. In Wilmington, Deb, for instance, the machine made by 
R. H, Staley is used. This has an 80-lb. steel head 8 in. square fixed 
to the end of a long vertical ram, which is raised and then allowed 
to fall by its own weight. The ram is lifted by a small gasoline engine 
driving a pair of cam wheels. Thejse wheels butt against either side of 
the ram, which is fitted with wooden contact surfaces to allow the cams 
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to hit and lift the rod with its 80-lb. weight. The cams rotate con- 
tinuously in one direction, and when the solid part of the rim passes the 
wooden contact surface of the rod, there is nothing to sustain it and it 
falls upon the material to bo consolidated. The machine strikes about 
54 blows a minute. The vertical ram is mounted on a framework which 
can be swung through a horizontal arc, thereby covering the entire 
width of the trench at one setup. As the w'ork progresses the tamper 
truck is moved forward on its own wdieels. 

Alexander J. Taylor, Chief Eng. of the Wilmington Street & 
Sewer Department, wrote to the authors on Dec. 10, 1913, regarding 
the machine a-s follows: 

"The results obtained from the use of this machine have been satisfactory 
to US. We have no tlefinite data regarding the cost of its operation, but 
speaking in a general way it requires two men for its proper manipulation and 
propulsion along tlie trench. The amount of gasoline consumed has var.ed 
from 1 gallon for a run of 4 hours when the apparatus was new, to 5 quarts 
for the same length of time at present. Using as a basis of comparison a 
ditch in whi(!h tlie backfilling is handled by employing one man ramming 
to one man shoveling, I would say that the tamper will pack to the same 
degree of thoroughne.ss earth thrown in by approximately six men. The 
degree of ah'rt ness -and skill of the operator can increase or decrease this 
averng(‘. We have not had any trouble with the work done by the machine, 
which IS equipped with a hammer reaching to a depth of 6 ft. Our sewers 
are built generally with the spring line 9 ft. below the surface of the street. 
It IS our usual practice to hand-tanip the first 2 to 2-1/2 ft. of the backfilling 
before the machine tamper is put into operation. If newasary the hammer 
may be lengthened. We have made a number of examinations of terra 
cotta pipe laid in trenches backfilled in this manner, and have not yet 
found any broken jilaces ” 

COST OF LAYING PIPE 

Conditions under which work is done arc so variable that the cost 
of laying pijx‘ on individual jobs is not of much general value. The 
exact items included arc also not always clear; sometimes the cost of 
laying inelud(*s work of backfilling around and over the pipe, while in 
other eases it includes the laying alone. The curves of Fig. 110 are 
based in part on data in Table 54. The unit prices assumed in these 
data art* tluisi* gained from general experience in tliis class of work, and 
the actual prices for different sizes of sewers and different depths of 
trenches are calculated from thc«e unit prices. These curves were 
based on thc^se of 3-ft. lengths of pipe. In this connection it may be 
said that the cost of similar work with 2-1 /2-ft. lengths of pipe would 
be about 4 per cent, greater and with 2-ft. lengths of pipe about 8 per 
cent, greater. This calculation is based on the data given for the 12-in. 



PURCHASING, HANDLING AND LAYING SEWER PIPE 313 


pipe and on the assumption that the only differences in cost arc those 
due to the laying of the pipe and to the amount of cement and sand neces- 
sary on account of the different number of joints with the different 
lengths of pipe used. It is further assumed, although not exactly true, 
that the cost of laying applies entirely to the work on the joint, that is 
to say, with a 3-ft. length of pipe this amounts to 9 cents per foot; with 
a 2-1/2-ft. pipe to 10.8 cents; with a 2-ft. pipe to 13.5 cents per foot. 
With regard to the relative cost of the laying with different kinds of 
jointing material, it is almost impossible to give strictly comparable 
figiires. It will be found that bids by exp()ricnced contractors are quite 
variable in this respect, some bids running higher for cement joints, for 
instance, than for joints of sulphur and sand. While the materials for 
special jointing, asphalt, sulphur and sand, G-K Compound, etc., cost 
more than cement, the ease with which joints may be made up with them 
on the bank and in the trench and the freedom from long-continued 
pumping in wet trenches, offset to a considerable exbmt the difference 
in the cost of the materials. This is particularly the case if the work i.H 
done under very rigid inspection and insistence placed on thoroughly well 
made joints. It should also be noted that the actual cost of pipe laying 
is but a small p<;rc(;ntage of the total cost of the work, so that a few cents 
variation in this cost but slightly affects the total. 

The diagrams given in Fig. 110 have been prepared to give the reader a 
general idea of the cost of constructing pipe sewers under ordinar>' condi- 
tions in easy, moderately hard, and hard digging. The cost of such 
work varies greatly from time to time, with the cost of labor, the length of 
day, the difficulties surrounding the work, as rains or frtajzing weather, 
and a multitude of other conditions. It is therefore obvious tliat th(^ 
estimates of cost should not be applied too literally, but should 1)0 us(hI 
only as a general guide. 

If the engineer will compare the cost of all work of this sort coming 
under his attention with the “medium ’’ scale as standard, obtaining the 
coefficient or relativ'C cost of his work (the ratio of his cost to the medium 
scale cost), he will soon acquire such a knowiedge of relative costs as it 
would be impossible to obtain otherw'ise. bnder such procedure it 
matters little if the standard is too high or too low, provided it is a fairly 
consistent scale within itself and provided it is fixed, so that the engineer 
shall always use the same reference scale for his comparison. 

Rate of Pipe Laying.— The rate of progress in pipe laying is usually 
dependent upon the rate of excav’ation of the trench. It is also more 
or less dependent upon the amount of excavation and backfilling 
required of the pipe-laying gang. For the smaller sizes of pipe, say 
from 8 to 15 in., two men are required in the bottom and one or two men 
on top, depending on the arrangement of the work and the rate of 
progress required. For 24-in. pipe two men will l)e required in the 
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trench and two or three on the bank. The rate of progress will lie 
between the following limits : 

H-in. pipe, 50 to 150 ft. per day of 8 hours 
24-in. pipe, 20 to 60 ft. per day of 8 hours 

It must bo rcniembcred, however, that the rate of progress depends 
upon local conditions. In some cases it may be economical to make the 
rate of progress very slow and require considerable excavation and 
backfilling of the? piiKvlaying gang, while in other cases it may be wise to 
have them do vcr>' little excavation and backfilling and proceed more 
rapidly with tlu^ pipe laying. The engineer or foreman in charge of the 
work must b(‘ govt'rned by the local conditions. 

LAYING LARGE CONCRETE PIPE 

Large concrete {)ip(‘ are so heavy that special equipment for handling 
them is necessary. So far as practicable contractors generally endeavor 
to utilize in this way a locomotive crane which can be employed also 
in excavating the trench. For example, the contractor for about a 
mile of 0-1/2 and 7-ft. concrete pipe sewer laid in Detroit in 1910, took 
out the top 0 ft. of the trench, which was 11 ft. wide, with a Thew shovel. 
The remainder of the lO-ft. depth of trench was taken out with a 15-ton 
locomotive crane, and the Iwttom of the trench was shaped to a half 
circl(‘, a little higher than the true grade, by hand. The pipe, which 
weighed about 0 tons each, wore turned over on their sides, after the molds 
were reinovi'd, in order to be rolled to the trench; they were turned over 
at first by means of a gantry crane, with an I-beam top bar supporting 
a chain block hoist, and, later, by a tripod of steel pipe attached at 
the top to a short I-b(‘am; the tripod proved more satisfactory than the 
gantry crane. 

The pipe vvc're rolled to the trench by teams. At the trench they were 
picked up by a specially designed saddle or hook liaving a large bearing 
on the inner surface of the pipe, which was hung from the boom of the 
locomotive crane. This saddle fitted below the top of the shell of the 
pipe as it restcal on the bank, but when the pipe had been landed on 
the Imttom of the lrt*nch it w^as customary to loosen the fall a little, lift 
the saddle somewhat to one side, and then tighten the fall just enough to 
roll the pipe over on its lied without changing its position laterally in 
the trench. In this way the weight of the pipe was made to consolidate 
the lied and secure a good bearing along the entire length of the bottom 
of the ahefi. # 

In the case of the Harbor Brook intercepting sewer at Syracuse, 
N, y., built under the direction of Glenu D. Holmes in 1911,. 42-in. 
Jttdnon concrete pipe were laid with a three-leg sulky derrick of the 
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type used in handling large cast-iron pipe, Fig. 111. For laying 54-m. 
pipe the Reinforced Concrete Pipe Co. furnished the gantiy crane 
shown in Fig. 112. In both parts of the work the pipe were laid on a 
concrete foundation supported by a single row of piles spaced 4 ft. apart 
on centers. After the joints had been cemented, the lower part of the 
trench was filled with concrete to give the pipe a bearing over a fourth 
of its circumference. 



LAYING CAST-IRON PIPE 

The handling and jointing of cast-iron pipe for sewers are conducted 
like similar work for water mains. Where curvtw arc needed, some 
engineers allow as the maximum angle permissible in each joint that 
which is represented by pulling the spigot d/4 in. back on one side, this 
is an angle of about 1 deg. Where this will not give the desired curva- 
ture, special castings must be used. 

Large pipe are often laid on blocks (see Table 55) placed near 
each end of each length. These blocks are laid across the trench bottom 
and must be firmly supported, and the pipe are held on them by wedges. 
Smaller pij>e are laid on the earth bottom, a hole being dug for the 
bell ; it is not well to lay t hem directly on rock. The use of blocking is to 
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be avoided where practicable on account of the danger of concentrating 
the external presHure on the pipe. 

Table 55.~Hupp(niTH fok Cast-iron Pipe (Board of Water Supply, 
New York) 

Size of pi[)(‘, inches 10-24 30 -.'10 42 48 

UloekinK, inches 2 X 10 X 2 ] .'1 X 10 X 3 3 X 10 X 3i 3 X 12 X 4 
Wednes, inches 4 X 4 X 10 4 X 4 X 12 4 X 4 X 12 4 X 4 X 12 


When two lengtlis of pip(Miro in place, jute packing is driven into the 
joint, leaving a space at IcjLst 2 in. deep for pipe under 12 in. in diameter, 



Fio. 112. Laying 54-inch concrete pipe at Syracuse. 


2-1/2 in. deep for ])iiK‘ from 12 to 24 in. in diameter, and 3 in. deep for 
larger sizes. Tlu* outside of this space is closed by a yarn and wot clay 
gasket or aslmstos jointer, and melted lead is gradually poured into 
the enclosed space. Only one pouring should be made for each joint 
and dross should not be allowed to collect in the melting pot. This 
lead is then carefully calked w'ith a luimmer and tools made specially 
for the purpose, so as to give a tight joint without cracking the bell. 
Joints have been made on some w’ater-works mains with pneumatic 
hammers, an4 a fibrous form of lead called “lead wooP’ has been used 
occasionally where it was undesirable to melt lead in the usual fashion. 
The lead w'ool was calked cold into the joints. Not enough experience 
with these methods has been liad as yet (1913) to furnish definite 
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information concerning them. A soft lead pipe WTapf)cd several times 
around the pipe and calked into the joint at the same time may also he 
used in wet trenches. 

Pipe up to 8 in. in diameter can he lowered into the trench by a rope 
sling and man at each end. Larger sizes are best handled by a derrick 
spanning the trench, as shown in Fig. Ill {Eng. News, vol. xxxv, p. 339), 
1 he special advantage of this derrick and others of the same general 
type is that it can be readily moved on its own wheels, which are also of 
service in handling the pipe. 

In what are known as solid lead joints, only one strand of yarn is used. 
Iho entire joint must be run at a single pouring and it is necessary with 
large pipe to calk the inside as well as the outside of the joint. 

LAYING STEEL PIPE 

The engineer is usually more apprehensive of injury of th(‘ pipe coating 
than of the pipe itself, although large; pijK; must bo brac(;d by interior 
struts to prevent their collapse. The contractor has sometimes been 
reejuired to cusliion all bearing surfaces on which the pipe rests with 
enough layers of burlap or other soft material to prevent scratching of 
the coating, and no uncushioned rofM's, chains, levers or oth(;r handling 
devices were permitted in handling the pipe. On tin* Little River 
works of Springfield, Mass., a covering of canvas or ociuivalent material 
at least 30 in. wide was kept on top of the pijM; in the tnaich until 
backfilling was in progress on tin; spot, and no iKTHOn was i)ermitted on 
the pipe without rubber or felt soles on his shoc^. This was unusually 
severe. In other places it has been considered necessary merely to 
forbid persons having shoes with hob nails to walk on or in the pipe. 

In a trench wdth sandy bottom, it is customary to place sand undei 
the pipe at frequent intervals until it is securely in line and grade. In a 
rock trench or wda're the pi|)e is to be surrounded with concrete, it ia 
usual to spread about 0 in. of sand over the rock. 

The backfilling must be done with regard to avoiding injury to the 
pipe coating as well as to the* pijK*. The material in the lower part of the 
trench must be well tanq>ed; the backfill on top of the pipe; should begin 
in the middle of each length, leaving the field-riveted joint exposed until 
the test for tightness lias been passed. A 5-ft. pipe should be braced on 
the inside during backfilling and when the braces are removed there 
should not be more than 3 in. difference betwwn the horizontal and 
vertical diameter. 

The laying of riveted steel pipe involves the handling of long heavy 
sections of pipe, and an attempt should be made in such cases to adopt 
a plant which can be used economically for other puriwscs than lowering 
pipe. In la>'ing a 72-iii. steel pipe sewer in Jersey City, for example, a 
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locomotive crane wad made to do double service, and thus keep down 
the machinery charge against each class of work. It was employed part 
of the time in excavating the trench 8-1/2 ft. wide, with a 1-yd. orange- 
peel bucket, and this was rather slow in hardpan, which was reached on a 
part of the work at a depth of 4 ft. This hardpan was loosened with 
picks, but even witli this help the bucket was rarely full. Most of the 
excavated material was backfilled on the pipe within 50 ft. of the place 
where it was taken out, as an attempt was made to keep the length of 
open trench as short as possibh*. The main use* of the locomotive crane 
was luindling the IH-ft. 6-ton lengths of riveted pipe, which were first 
taken from a siding to a storage yard and then delivered as needed. 

A riveted steel pip(^ line was laid in 1007 for the St. Louis water works, 
in a trench which averaged from 10 to 28 ft. in depth. The lengths of 
pipe were delivered along this trench by an electric railway oix^rated 
by the city for delivering supplies to pumping stations nearby. Tlie 
pipe were delivereii in 28-ft. lengtlbs and were handled into the trencli, 
from the side of the railway wh(^r(‘ they had been delivered, by a stiff- 
legged derrick. Each length had a line attached around its center, a 
piece of rubber hose being threaded over the line to prevent any injury 
to the pipe coating. The riveting was done with pneumatic hammers 
supplied with air by two electrically driven compressors, which took 
their current from the transmission line of the electric railway. The 
whole equipment was very compact, and but little trench was kept open 
ahead of the pipe-laying, an advantage in tliis case because the banks 
of the trench stood readily with very little bracing. The (excavation 
in the dee[K‘r parts of the trench was made by a 20-ton steam shovel, 
mounted on a platform which spanned the trench and could be rolled 
along plank runways about 3 ft. back from the top of each side of the 
excavation {Eng, Rveord, Sept. 7, HK)7). 

Riveted steel pii)e are exposed to a special danger on account of their 
light weight in comparison with their diameter. In the case of a 48-in. 
steel iiuiin at Kansas City, Mo., for example, the contractor had a section 
of pipe 1500 ft. long broken in two after it had been rivcited, but not 
backfilled, owing to a heavy rain that flooded the trench full in a few 
minutes, and lifted the middle of the pipe in a long vertical curve. 
After the pipe had been drained it was found that a vertical rise of over 
2 ft. in the center of the pipe was held up by dirt which had settled 
below it. In a number of places the pipe rose in the bottom of the trench, 
owing to the rising of quicksand; this was remedied by loading the pipe 
as soon as was coupled up. 

SUBAQUEOUS PIPE LAYING 

Subaqueous pipe laying is mainly required on sewerage work in 
connection with outfall sewers and inverted siphons. The first work is 
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usually to provide a foundation for the pipe when laid. Bometimm 
this is a trestle formed by driving piles in the bed of a stream and then 
sawing them off at the proper height by means of a submerged circular 
saw. Sometimes wooden blocking at a few low points of the bottom will 
answer all purposes. Sometimes it is necessary to excavate a trench 
in rock, and when this is the case it may prove desirable to lay bare the 
site for the pipe, so far as practicable, by running a wing dam out from 
the shore, where there is sufficient current to make this method of get- 
ting at the bottom practicable. If the water k shoal for any distance a 
(offerdam may be run out and a trench excavated within it. As a rule, 
howe^’er, the usual methods of excavation under water are preferred by 
contractors, that is to say, they take out the soft material by orange-peel 
or clam-shell buckets or by small dipper dredges. Where rock has to 
be excavated, the holes for bla.sting are sometimes drilled by a percussion 
drill mounted on blocks held by vertical stays on the side of a scow, a 
method of mounting which has become standardized for drilling work 
of this nature for harbor improvements. 

The pipe arc laid in the water by one of three general methods: first, 
lowering the pipe line into the water from some kind of support; second, 
dragging it into place from launching chutes on shore or from scows, 
or, third, by floating it into place. The different methods are best 
(‘xplained by giving examples of each. 

In some cases where the bottom of a stream is very soft so that 
dredging results in a very muddy condition of the water and considerable 
uncertainty exists as to what kind of trench is actually produced, 8ul>* 
merged pipe laying has been carried on by means of a sand pump or 
water jet. At Michigan City, Ind., a 20-in. line was lowered alwut 4 ft. 
in this way and at Hammond, Ind., a IfMn. riveted pifK?. Where this 
method is used the pipe is simply laid along the bottom, with the ends 
disconnected from the shore line, and the material under the pipe is 
gradually worked away by means of the pump, the current carrying 
away the silt which is disturbed in this process. The method is, of 
course, an exf>edient which is only rarely practised. 

Laying Pipe from Supports. — On rare occasions submerged pip© lines 
can be put together on top of a sheet of ice and lowered through a long 
gash cut in it. This was done by L. f Cooke at Kscanaba, Mich. The 
pipe was 5 in. in diameter, about 2(XM) ft. long, of wrought iron with 
Converse lock joints. After the pijKj was lowered to the IxAtom by 
means of rope slings passing over timbers laid across the hole in the ice, 
the material on the bottom under the pipe was excavated by means of a 
w^ater jet, allowing the pipe to settle slowly. 

At Austin, Minn., where 150 ft. of cast-iron pipe were laid across a 
river in the winter of 1911*- 12, the contractor, the J. W. Turner Con- 
struction Co., placed plank horses across the opening in the ice and hung 
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the pipe from these in a vertical curve corresponding to the profile of the 
river Wtoni. When they had l)cen jointed, they were carefully lowered, 
without changing the curve, until they were in place. Two flexible 
joints were inserted in the line, but the contractor found them a hin- 
drance rather than an aid, because of the necessity for preparing special 
holes in tlie river bed to receive them. 

About 430 ft. of 3()-iri. cast-iron main were laid as a single length at 
Milwaukee, Wis., in the winter of 1012-13. The river at the crossing 
has a maximum de|)lh of 12 ft., and the trench in it was 4 ft. deep at the 
middle, gradually increasing to a maximum depth of 12 ft. near the shore. 
The pijK) was laid from a trestle. Pile's we^re driven 1 0 ft. apart transverse 
to the trench and 13 ft. apart along its length. After they wore in place 
the trench was excavate'd with an orange-pes'l bucked, operated from a 
S(;ow. Timber cross-[)ieiC(^s were plae;ed across the' trench between the 
piles just abe)ve the wate'r leve'l, and e)n them the' pipe were put together 
and jointeel. Idle' pile* beads hael lu'uvy caps which were pierced by 
v(irtie‘alhe)lesthre)ugh which lemgthre'aeh'el irem rods 1-1/2 in. in diameteir 
were passed, The'y hael a hoeik at the lower end. from which the pipe 
was slung, and at the* upper end there was a heavy nut which bore on a 
() X b-in, iron plate jilaced em top of the caj). A man was stationed at 
each eif thefse nuts with a wrench anel at a give'ii signal they gave the 
nuts a half turn. The^ rods were painteel every 0 in. so that after the 
line was subnu'rge'd the're* would be no question about its sinking into the 
tn'iich in a fairly Imrizeuital maniu'r. Afte'r the pipe lay on the bottom 
a diver blocki'd it up at the low points, using timber w'edges to make 
everj'tliing fust . The ends were connected with the shore mains in the 
usual way by tlu* u.se of cofferdams. 

A more ddhcult jiiiie-laying umlertaking carried out in the same 
general maniu'r was exi'cuted in connection with the outfall sewer of 
Honolulu. This pipe was a riveted steel main 24 in. in diameter, con- 
structed on shore in ad-ft, sections. Each section was encased in a 
4-in. shell of conen'te before it was laid. In order to carry on operations 
across the hard coral reef, where the depth of water varied from 5 to 40 
ft., a pile trestle carrying a 20-in. gage track was built on each side of the 
line of the outfall, the distance between the centers of the two trestles 
lieing about 15 ft. On these trestles a traveler was operated to carry 
the sections from the shore to the place where they were laid; each 
station was carried in four slings. The total length of the outfall con- 
structed in this way was about 1700 ft. 

This method was employed by Loring N. Famum, as contractor, in 
1904, in laying a 20-iH. water main across the Kennebec River at Water- 
ville, Me., for the Kennebect Water District, under the sup<'r\ ision of one 
of the authors. At the cnisaing the river is 800 ft. wide and averages 
8 ft. in depth during the summer and autumn. For four-fifths of the 



PURCHASING, HANDLING AND LAYING SEWER PIPE 323 


distance the river bed is coarse gravel and tlic remainder is shale. Two 
rows of piles 18 ft. apart were first driven across the river, the piles in 
each row being 10 ft. apart. A brace pile was driven on the downstream 
side of every fourth or fifth pile in the downstream row. Each row was 
capped longitudinally with pairs of 6 X 10-in. stringers 30 ft. long bolted 
together through the top of each pile, which was cut to form a tenon C in. 
thick. On, and parallel to these caps were laid 8 X 12-in. stringers 30 ft. 
long, placed so as to break joints with the caps. The stringers served as 
a track on which was rolled a platform carrying a dredging outfit com- 
prising boiler, hoisting engine and orange-peel excavator. With this outfit 
a trench 3 to 5 ft. deep wa.s dug. The pipeclaying followed the dredging 
closely. To secure some flexibility in the pipe line every fourth joint 
was of the R. D. Wood Company, Ward fle.xiblc typo, three ordinary 
lead joints intervening. A number of lengths were jointed above water 
and suspended from round logs laid across the timber track. As pipe 
was added at the outer end, that previously jointed was gradually 
lowercid by slacking the ropes used for suspending the pipes. The 
limit of deflection at the flexible joint was 10 degrees, and although care 
was exercised to prevent reaching or exceeding this limit the bells of two 
flexible joints were cracked in the proce.M8 of lowering, which shows the 
necessity of exercising great care in laying .such pi|>e lines. The resident 
engineer on the work estimated the total cost, including overlu^ad 
charges, to the contractor at $4.12 per foot, made up of $2.22 for the 
trestle and cofTerdam, 47 cents for rock excavation, fi cents for hauling 
pipe, 71 cents for laying pipe and 00 cents for dredging. 

Where there is an unusual range to the tide, it is pn'ferable at times to 
lay the pipe from scows rather than from trestles. For instance, in laying 
a submerged pipe line 30 in. in diameter and 2000 ft. long, forming an 
inverted siphon on the outfall sewer at New Rochelle, N. Y., a pair of 
25 X 00-ft. scows was moon'd along the line of the trench in which the 
pipe were to be laid. 3'his trench liad previously bwui dug by means of 
a small dipper dredge and wliat rock had to l>c removed wa.^ drilled with 
drills mounted on wooden blocks which slid betw<*cn vertical guides on 
the scows. The opening betwct'n t he scows was directly over the trench. 
The pipe wwe jointed up in four lengths on planks laid from the deck of 
one scow to the deck of the other. When the joints were completed 
these pipe were raised f)y tackle hung from a frame over the center of 
each length, the planking previously supporting them was removed, and 
they were lowered to the bottom of the trench where the submerged 
joints were made by a diver. If the material nciir the trench had been 
washed into it cnougli to interfere with the pijje laying, the diver blew 
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it out with a hydraulic jet, and if the trench was too low it was easy to 
raise the pipe by means of wedges and blocks. 

The method of laying a 30-in. cast-iron outfall sewer at Salem, as 
described by W. F. Bates in Eng. NewHy May 28, 1908, differs some- 
what from that generally employed where the pipe are lowered from 
scows. The contractor used a steam lighter and a tug; seven lengtlis of 
pipe were put together on the deck of the lighter and the joints run and 
calked in order to form a section for laying. A 15-in. I-beam about 
75 ft. long, trussed laterally to prevent bending, was suspended from a 
block on the derrick boom of the lighter by four strands of wire rope, 
as shown in Fig. 113. To this beam the section of pipe was strapped 
with 1/2-in. wire rope, two straps to ea(;h length except the end lengths, 



Fi(}, ll.'J — Lowering section of submerged outfall, Saleiu, Mass. 

which were held by a single strap. The.se straps were connected at one 
end by shackles with pins so placed that they could be easily removed 
by the diver and the straps released after the pipe was in position. 
This I-l)(*am was used during the entire work and proved a satis- 
factory method of handling the section. The benrn with a full sec- 
tion of 84 ft. of pipe weighed about 15 tons, and was easily handled 
by the derrick. 

In this ca.se, the pipe, after being lowered into the trench, which was 
from 12 to 18 in. below grade to give the diver plenty of room for 
working, was blocked up to the required grade and held in position by 
wedges. Guides w^ere placed on the bell end of the pipe in position ; these 
guides prqjtTted about 6 in. beyond the end and were made so as to 
help guide the spigot into the joint, and at the same time protect the lead 
from being jammed. The jointing of the special joint was directed by 
ihc diver. The lighter was placed and the guy on the derrfek boom 
raised so that when the pipe was in position, by slacking the guy rope, 
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the whole weight was brought to bear and pushed the spigot home with- 
out difficulty. The joint made under water was prepared on shore, by 
turning down in a lathe an ordinary spigot end to a slight taper. This 
spigot was inserted into a bell, the joint run full of lead, and the pipe 
then disconnected, leaving the lead in the bell; these pipes were con- 
nected again under water and calked by the diver. 

One of the two lines of 60-in. cast-iron pipe forming the outfall sewer, 
3288 ft. long, of the intercepting system at New Bedford, Mass., for 
which the authors were consulting engineers, was laid in 1913 in much 
the same way. The contractor, Patrick McOovern, first drwlged the 
trench, most of which was in sand, gravel and clay, with some rock 
requiring blasting. The trench had an average depth of 8 ft., and the 
pri(5e for it was 55 cents per cubic yard, irrespective of material encoun- 
tered. The pipe were assembled on shore in 4S-ft. sections, each weigh- 
ing about 30 tons and having a special taper joint at each cfid made up on 
shore, as described in the notes on the Salem outfall sewer. The section 
was suspended by wire ropes from a steel beam, which in turn was sus- 
pended from the boom of a derrick scow, thus enabling the section to Imj 
towed out from the shore and lowered into place without serious danger 
of injuring tlie joints. The contract price for this work, including back- 
filling the trench, was $10 per linear foot. The work was done under 
William F. Williams, at that time city engineer. 

Where streams must be cro8.4ed in deep trenches and little is known 
regarding the character of the bottom, it is usually considered preferable 
to drive sheet piling and excavate under its protection, rather than to 
allow the trench to be dug with its banks at the natural Blo|)e of the 
material. For example, in laying a 48-in. gas main across the Harlem 
River at New York, in 1910, a 14-ft. trench was dug with the help of 
Lackawanna steel sheet piling. The channel here is about 550 ft. 
wide, and only half of it could bo closed at once, since the river is used 
by many vessels. The trench had to be carried down at places more 
than 40 ft. below the surface of the water, and the river itself had a maxi- 
mum depth of about 1 5 ft. at high water. The permit for laying the pipe 
received from the government required it to be 20 ft. below the bed of 
the river. As soon as the sheet piling was driven, the sand and gravel 
within the piling enclosure were removed by two centrifugal pumps 
mounted on a scow. A diver tended the suction of each pump and kept 
the material stirred up by means of a 3-in. water jot. When the ma- 
terial had been excavated to the full depth the bottom was oovered 
with concrete and the pipe laid on it, the joints b(;ing made under water 
with lead wool and pneumatic tools. Two leiigtlw of pipe were laid 
at a time, the joint between them being made up on the scow which 
lowered the lengths into place. This method of construction was also 
used about the same time for laying a line of 3G-in. submerged pipe. 
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In each case the pipe hah been covered with a longitudinal cap or coping 
of concrete, to prevent injury of the main by the spuds of dredges, 
anchors of vessels or the future de(?pcning of the channel. 

Floating Pipe. — Oil Imrrels have been utilized many times in sub- 
merged pipe laying. The most common method is to join a number 
of them togeth(ir in two rows, each row covered with plank and support- 
ing cross beams or cross trestles from which the pipe to be lowered 
are slung while being jointed, and tlum lowered into a trench previously 
excavated in tlie bottom of the stream. 

An cx|)erienced layer of submerg(Hl pipe lines, A. L. Holmes, in a 
paper before the C(intral States Water Works Association in 1902, 
made the following statenamt regarding large pipe: 

In laying 24, 30 and .‘iO-iri. pipe in deep water the writer has connected 
40 ft. with lead joints in the u.sual manner, placing on each end of this sec- 
tion a half of a bolted ball joint anil lowering this into tlie trench prepared 
for it, holding one end off the bottom with a piece of wood 8 X H in. placed 
under the hub as tiie pijie was lowered into place. The next section pre- 
jmred in the same \^ay was lowered into place, and while in the slings and 
held just clear of the bottom the diver entered the ball into the bell and bolted 
it up, and so the proc<‘ss was continued. 

The pipe could all be put in shape to lower to the bottom in a harbor or 
where the work could be done most ecxmomically, and it was often the case 
that 5<K) ft. of largi* pipe were laid m this manner daily, which means that the 
work could be done cheaply and well. Bulkheads were placed over the ends 
of the pijie before they were placed in the water, to exclude fish and rubbish 
while lowering, and were removed by the diver and sent up for use again. 

Mr. Holmes did not advise an attempt to get pipe very clo.soly in line. 
If it zigzags a little it may become tighter when it settles, in his opinion. 
In fact, he recommends in river crossings a curve upstream, so that as 
the nmterial waslu's out under the pijKj and it works downstream, it 
may become tighter, if anything, at the joints. 

Two OO-in. cast-iron pipe outfall sewers form part of the South 
Metropolitan Sewerage System of Boston and vicinity. These were 
laid in 1902-1903 in dredged trenches. The pipe were 12-ft. bell 
and spigot lengths, I-I/2 in. thick and w'eighed 6 tons per length. The 
bottom of the pipi^ has an average depth of about 9 ft. below the bed of 
the harbor, and the trench was dredged 2 ft. dwjxir, to a ma.\imum of 53 
ft. below mean higli water. The bottom of the t rench was 10 ft. wide and 
the sides sloiwd so as to give a mean top width of about 30 ft. Dredg- 
ing was in stiff clay. 

In this tffench 10-ft. piles were driven in 5-ft. bents of two piles each 
at inter\’als of 6 ft. These were capped by spruce timbers set to the 
required grade, thus ensuring two points of support for each pipe. The 
pilee wore driven with the assistance of a vertical telescopic guide box, 35 
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ft. long when closed, resting upon the bed of the harbor and capable of 
adjustment to varying depths of trench and conditions of tide. In 
this contrivance, a cylindrical hammer 10 ft. long descended upon a pile 
placed within the inner box. A 75-ft. lighter- was used for the pile 
driving work. 

The pipe were laid in 48-ft. sections, consisting of three lengtlis of 
ordinary spigot and socket pij>e and one length having the spigot turned 
to a slight taj)er for a distance of 5-1/2 in. This spigot was readily 
inserted upon the wharf into the bell of the pijM^ which wtia to form the 
leading end of a section, and the vacant space entirely filled with lead, 
but without calking. The spigot was then withdrawn, to be used as the 
rear end of the following section. 

The four pipes forming a section W(‘re then arranged, in their proper 
order, on a floating caisson lashed to the side of a second lighter, the 
three ordinary joints l)eing run and calked in the usual manner. The 
caisson was a heavy timber structun? of a special de.sign patented by the 
contractor, 0 ft. square outside and 52 ft. long, built of (i-in. hard pine 
and divided by eight transverse bulkheads into nine compartmontH 
which could be separat(‘ly flooded, (hi one face of the caisson eight 
timber saddles, shapisl to the external contour of tlu^ pifK*, served as a 
resting place for tii(‘ jiipe section, which was firmly secured by chains 
and turnbuckles. When filled with water the caisson was sufficiently 
heavy to sink, but when empty its flotation was sufficient to support a 
section weighing about 24 tons. On being released from the Ughti^r, tho 
section immediately turn(;d over, so that the pipe were suspended from 
it in the water. Then, through openings controlled by plugs, the corn* 
partments were sufficiently flooded to sink the whole. Arrived at the 
bottom, still attached to the caisson, the pipe were adjusted by divers 
to line and grade, upon the caps, and the tajKTcd spigot was drawm 
home in the leaded bell of the preceding section, by means of ratchet 
jacks actuated by levers. For the latter purfiose the leaded bell was 
temporarily fitted wdth a collar provided with four guides to ensure tho 
entry of the tapered spigot without damage to the lead mold. When 
the pipe were finally securetl in position by wedges spiked to the 
pile caps, the cai.sson was filled with water, thus rendering it too heavy 
to float, and released from the comi)let(id section. It was then hauled 
to the surface by steam w'inche.s on thi; lighters and the water was forced 
out of the compartment by an air pump. The sfiecial joint between the 
sections was calked before the excavated material was deposited from 
the SCOW’S in the trench and over the pipe. 

A riveted steel pipe, 5-1/4 ft. in diameter and about 2650 ft. long, is 
used a.s an outfall sewer into Lake Erie, at the end of the main inter- 
ceptor of Cleveland. The pipe was delivered in 5()-ft. lengths, with a 
hea\'y angle iron flange riveted on each end. These lengths were 



328 


AMERICAN SEWERAGE PRACTICE 


assembled into sections of 150 ft. on the dock, bulkheads were placed on 
the ends of these sections, and they were then towed about 8 miles to the 
trench excavated in the bottom of the lake to receive them. Openings 
were then made in the bulkheads, and the pipe were allowed to fill 
slowly and settle gradually into their place in the trench, where a diver 
connected the sections together by means of the special submarine joint 
shown in Fig. 114 (Eng. Newa, March 28, 1912). 

The lightness of large steel [)ipc is sometimes an objection to their use, 
owing to the possibility that unless they arc firmly bedded when landed 
on the bottom of the river or pond in which they are laid, the waves 
may roll them about. In order to avoid an 3 rthing of this sort in the 
case of a 3-ft. steel pij)e (>00 ft. long, put together as a single length and 
then floated into position at Blackpool, England, transverse 8t(;el bed 

plates were riveted to the pipe 
at 18-ft. centers, in order to act 
as feet. This particular pijje 
was floated 3 miles from the 
I)lace where it was put together 
on the shore, to its final position 
as an extension of an old out- 
fall sewer. 

Where submerged outfalls ex- 
lU.-.Sul.n,cw..l j„int, (Cleveland ^ considerable distance 

outfall 



Fi(i 


from the sliore, in localities ex- 
posed to heavy winds, it is fre- 
quently desirable to })rovide against these winds in drawing up the 
plans for construction. For instance, at Pensacola, Fla., where the 
sewage is discluirgiMl through a 24-in. outfall, 3000 ft. long, and a 
20-in. outfall 2700 ft. long, the contractor originally provided two 
lines of piles along the trench in which each pipe was laid. These 
linos were intended to act as anchors for the pipe, which was put to- 
gether on shore, with the free end bulk-headed, and then hauled out 
slowly, floating out into the bay between the lines of piles. The con- 
tractor feared that the pi[)e line w'ould not float and attached a num- 
ber of barrels to it. These became entangled with the piles, and even- 
tually the contractor took up a large number of the piles. After this 
was done a heavy storm arose and the pipe line, having no piles to hold 
it on the leeward side, floated aw’ay, and a number of the joints were so 
strained that they leaked badly, allowing the pipe to settle to the 
bottom. 

Pulling Ape into Place. — An instance of the method of laying sub- 
merged pipt' by hauling them out from the .shore, was afforded by two 
lines of 18-in. pi|>e with flexible joints, each line about 500 ft. in length, 
constructed in 1910 at Vancouver. A chute was first constructed on one 
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shore of the narrows to be crossed. This was built of 3 X 12-in. lumber 
supported by trestles, and was as long as the main to be submerged. 
The inner portion of the chute was greased like the ways of a shipj-ard 
and a short board was placed under the bell end of each pipe as it was 
laid in the trough. This pipe was furnished in 9-ft. lengths, and each 
flexible joint was capable of a deflection of 19 deg. After the entire 
line of pipe had been made up in this way, a 1-1/2-in. steel cable was 
drawn through it and fastened at each end to eye bolts of 2 -in, Norway 
iron about 8 ft. long. These bolts passed through cast-iron caps at 
each end of the pipe. The rear bolt was threaded for about G ft. and was 
drawn taut by means of a large nut; the front bolt served to take up the 
strain from the rear bolt, through the cable, thus holding the lengths 
of pipe together and preventing much strain coming on the flexible joints. 
The pipe line was moved by three 1-1 /2-in. steel hauling cables which were 
fastened to the pipe, one at the forward eye bolt, one at the front end and 
one a third of the distance back from the front end. The hauling cables 
were carried across the narrows and up a bank on the other side to five 
capstans, operated by horses and transmitting a strain of about 180 tons 
to the hauling cables. In order to prevent water entering the pipe and 
thus making the moving more difficult, air under a pressure of 50 to 60 
lb. to the square inch was delivered continuously through the pipe while 
it was being moved. 

It is not often that lengths of submerged pipe are entirely con- 
structed on the shore before they are hauled across, as was the caae 
at V ancouver. As a rule a few lengtlw are coupled together at the end 
of the section already in the water. This section is buoyed by oil 
barrels or other substantial floats, so that it does not drag along the 
bottom and offer resistance in this way to being hauled across the 
channel. For example, when E.L. Abbott laid a 10-in. main across the 
Missouri River at South Bend, Mo., he built a cradle of two 12 X 12-in. 
timbers, placed 9 in. apart in the clear and held together at the bottom 
by 2 X 10-in. timbers. This was built on the bank of the river extend- 
ing out to deep water, and was long enough to lay and joint four lengths 
of pipe. Three empty barrels wore attached to each length of pipe with 
ropes about 1 ft. shorter than the average depth of water. The end 
of the pipe in the river was plugged to koc^pout the water and had a rope 
attached to it, which was carried across the river and made fast to the 
drum of a hoist on the other shore. When a convenient number of 
lengths of pipe had been prepared on the cradle, they were pulled out 
into the stream by means of the hoist until all but the last length were 
under water. Additional lengths were than added to the shore end and 
the operation was repeated until the crossing wae completed. Barrels 
floated ' all the pipe except the portion resting on the timber cradle, 
where the friction was slight, and the entire line was easily moved. 
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JOINTING SEWER PIPE 

Many of th(‘ early tile drains built in England and Germany had the 
joints filled with clay, lialdwin I .at ham says, in his '‘Sanitary Engineer- 
ing published in bS7S, “the material most commonly used for jointing 
pilK!B is clay, which is one of the worst materials that could be found for 
the piirjxise. Witli tlu* advent, however, of separate systems of 
sewerage and particularly of tr(‘atment plants, the matter of leakage 
became important and j)reclud(!d tlie use of such unreliable material for 
jointing. 

Cement, eitlu*r neat or mixc'd w’ith sand, was early employed, and 
although l)y no mc'uns ideal for this purimse, its use has become very 
extensive. It is very difficult, particularly in wet trenches, to make 
cement joints reasonably tight, and the water, es]>ccially running water, 
must be kept down below the cement in the joints until the mortar has 



acquired a fairly haid .set. Furthermore, the rigidity of the joint after 
it has set is such tliat if any settlement takes place the pijK* is likely to 
break. Conseipiently it is only natural that many attempts have been 
made to overcome the defects of the ordinary cement joint, either by 
varying the form of joint, or by using other materials, such as asphalt, 
sulphur and sand, tar and various patented mixture's. 

The Stanford joint, Fig. 115, w^as much u.sed in England at one time, 
and has been uswl nt a few places in the Fnited States. It is made by 
casting on the spigot and in the socket of each pijx', rings consisting of a 
mixture of sulfihur, tar and sand. When the castings have Imrdened 
they arc coated with oil or grease and the pipes shoved together, one 
ring fitting inside the other. Tliis and similar types were developed by 
I^ulton & Co., of Ivondon. Other forms have projections cast on one 
aide of the spigot, so that when inserted in the socket this projection 
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rests on the bottom and insures a correct centering of the pipe. Still 
other types have annular spaces cast on the inside of the socket, and after 
the spigot is inserted this space is tilled with liquid cement poured 
through holes in the socket. 

Pipe other than the simple l^ll and spigot type hav'e never been much 
used in the United States, but various jointing materials have l)een 
employed to a considerable extent. A modification of the Stanford 
composition, consisting of heated sulphur and sand poured into the joint 
space in a way similar to that folio W'ed in making lead joints for cast-iron 
pipe, has given satisfaction in many places. Leadite, a patented article 
having a somewhat similar composition but mixed ready for use, gives 
similar results and seems to be more easily manipulated than the plain 
mixture of sulphur and sand. Another i)atented suljdiur and sand com- 
position is known as I’ozite. 

A preparation of a somewhat difTerent tyfHi, known as (J-K Compound, 
has been used at a number of places in the United Stales. It is melted at 
a high temperature and p<iured. Wlnui the joints are made with this 
or other similar material, they are somewhat flexible and are claimed to 
withstand slight settlement without fracture. It is clainnHl that it can 
be used successfully when the pipe are wet or partly under water. 

Cement Joints. — 1'he (‘ement for joints may be U8('d eitluT neat or in 
proportions of 1 to 1 or 1 to 2 parts of sand, although the more cement 
there is in the mortar the more easily it will be molded and forced into 
j)laee. When the cenient is used neat tlu're is a tendency toward shrink- 
age and cracks may develop. On the other hand, when mixed with sand 
it takes a somewhat longer time for it to set. It is usual before inserting 
the spigot of the }>i|)e in the Ixill of the previous pi|>e, to place a gasket 
formed of a piece of jute or oakum, soaked in cement grout, around the 
spigot. Th(^ principal object of this gasket is to keep the pipe concentric 
and prevent the squeezing out of the mortar in the bottom of the joint. 
When no gasket is used, it is customary to place some mortar in the lower 
part of the bell before inserting the spigot of the next pipe. The func- 
tion of this mortar is to hold the pipe in its proper position while making 
the joint, but in twisting and working the pijx) into its proper position 
some of the mortar may be squeezed out and the joint may leak at 
this point. 

After the pipe is in position, a man provided with a trowel and rubber 
gloves fills the joint carefully with mortar, working it into place with a 
wooden calking tool. The joint is usually overfilled, providing a bevel 
of about 45 deg., and the joint is well smoothed off. Tests have shown 
that these overfilled joints are customarily more nearly water-tight than 
flush joints. In some cases where unusual care is used, the joints are 
at first only partly filled with mortar and then another gasket is rammed 
into place flush with the outside of the bell, when the joint is overfilled 
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with mortar. After the joint is made, it is well to wrap it with a piece 
of cheesecloth, securely tied at the top, thus holding the mortar in place, 
for there is a tendency for the mortar to sag and fall out of and away 
from the joint, especially if the mortar is rather wet. The use of cloth 
in this manner makes it possible to use a rather moist mortar with which 
a better joint can generally be made than with a dry stiff mortar. 

The trenches in which the sewers of Batavia, N. Y., were laid in 1912 
wore unusually wet, and for this reason, although pumping was resorted 
to, no attempt was made to lay pipe in the dry. A patent gasket was 
employed for making the joints in the lower part of the pipe; this was a 
series of pockets of muslin cloth dipped in glue, the pockets between 
the partitions being filhid with cement and sand mortar. One of these 
gaskets was placed in the iin-ert of the bell of the last pipe laid. The 
pipe had deep and wide sockets; the spigot of the next pipe was entered 
into the bell of the preceding one at the top of the bell and then dropped. 
Its fall broke the partitions of glue in the gasket and made a ring of 
cement enclosed in muslin in the invert, which the pipe layer calked. 
The rest of the joint was made with oakum and cement in the ordinary 
w'ay. This work was done under the direction of Charles Hoopes {Eng. 
Record, Nov. 10, 1012). 

Pipe knowui as the deep and wide socket typ(‘ have many advocates 
among engineers, but it is a matter of controversy as to how much ad- 
vantage they have over the standard bell and spigot type. Tests made 
by Freeman C. C'offin and others indicate that deep and wide sockets are 
somewhat more likely to leak than standard sockets, owing to the large 
space which must be filled with more or less porous cement and sand. It 
is probable, on the whole, that the standard pipe will be found generally 
satisfa(!tor)', provid(‘d it is made as it should be, with the bells and 
spigots uniformly cir(!ular and of standard dimensions, so that there is 
everywhere the specified space for joints. Difficulties with standard 
pipe are largely due to the jointing space being so small in places that 
it is impossible to get the gasket and mortar into it properly. 

One great trouble with f>oorly made cement joints is the entrance of 
roots of trt'es into the sewer. An almost capillary opening is all that is 
necessary to allow’ a root seeking moisture to obtain entrance, and after 
having gained an entrance it sometimes grows very rapidly, filling up 
the sower and forcing the mortar out of the joints. When making a 
mortar joint in a wet trench it is, of course, desirable to keep water en- 
tirely aw'ay from the joint while it is being made, either by pumping 
or drainage in other w'ays. After the joint has been made earth may be 
carefully taaipXHl under and around it, but unless the joint is provided 
with a band of che<^secloth tied around it to hold the mortar in place, 
there is always danger of knocking off the mortar or of its sagging away 
from the joint. 
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The amount of mortar required for making joints in pipe sewers may 
be estimated roughly with the aid of Table 66 compiled from Freeman 
C. Coffin’s paper on “Tests of Cement Joints for Pipe Sewers” (Jour. 
Assoc. Erig. Socs., 1894). These tables are for both flush and overflUed 
or beveled joints and for both standard and deep-and-wide sockets. 
Thicknesses of pipe shells and of cement spaces within bells differ, and 
consequently no table can be more than approximately correct. 


Table .5ti. — C ubic Feet of Moktar Required for 100 Joints in Pipa 
Sewers 

(Freeman C Coffin) 


Diameter, 

Jorntii fininhod ftuah 

Overfilled jointa 

inrhes | 

Standard 

Deep socket 

Standard 

Deep aoeket 

4 , 

0 45 

1 91 

1 13 

3.46 

5 i 

0 54 

2 :u 

1 34 

4.00 

6 

0 65 

2 67 

1 95 

6.67 

8 1 

0 HO 

3 32 

3 15 

7 62 

10 

1 00 

4 06 

3 93 

9.26 

12 ! 

1 40 

4 78 

4 79 i 

10.93 

15 

2 20 

7 08 

6 40 

1 16.03 

18 

2 70 

8 45 

8 77 1 

t 19 06 

20 ! 

00 

9 37 

i 14 43 1 

24 07 

24 

:i 50 

14 .52 

17 00 ’ 

1 .33 12 


See Table 59 for quantity of materials for a cubic yard of mortar 


Cement pipe Hornetirnes have no bells . The joints are made with bands 
or rings, one end of each length liaving an inside bevel and the other 
an outside bevel, such as were used with some vitrified sewer pipe in 
England in the last quarter of the nineteenth century. Such pipe have 
been employed extensively in the vicinity of Los Angeles, Cal., and in 
Eng. Rec., May 6, 1911, J. Alden Griffin, assistant engineer in the office 
of the city engineer of Los Angeles, published some suggestions regard- 
ing the jointing of such pipe. As with the usual bell-and-socket pipe, 
it was necessary to prepare the bed of the trench so that the pipe would 
rest securely along their entire length with the exception of the holes 
cut or dug under each pipe jfunt to receive the band. Special care had to 
be taken in adjusting the lengths of pipe to grade to prevent the work- 
men from doing this by using clods or other objects which would not 
give a permanently uniform stable support. In order to avoid repairing 
future leaks, it was found to be essential, when pipe have to be rakied 
to produce a good grade, to throw dirt over the low portions of the trench 
and tamp it thoroughly. While this took time, digging up the pipe 
was a far more tedious operation. 

It was early found that cement pipe could never be laid down hill and 
secure a satisfactory job, and that they must always be laid up hill so 
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that the shrinkage of the joint could take place without cracking the 
band, the weight of the pipe being on the joint instead of puUing from it. 
In the climate of Los Angeles it has been found advisable never to place 
djri on a new band in order to shade it, because the dirt absorbed mois- 
ture from the mortar and rendered it practically worthless. The new 
bands were bc*8t shaded from the direct rays of the sun for at least half 
an hour before phuang any backfill on them, by means of canvas or 
boards laid across the trench. After tlicr bands had set for half an hour 
it was found desirable to wet them and then add the backfilling. Great 
care was necessary in the }>ackfilling or otherwise the joints would be 
cracked; the tendency of worknum to consolidate the filling by tramping 
on it had to be guarded against continually. 

Where joints are made with cement mortar, particularly if gaskets 
are not used, there is danger of the mortar being forced into the interior 
of the pipe. If not rfunovc'd, it will harden and form obstriH'tions. It 
is therf'fore desiral)U“ to seraix* clean the inner surface of the sewer as laid, 
for which purpose a “go-flevil” has |)roved effective. It is made of tAvo 
round wooden disks slightly smaller than the bore of the pipe. Each 
disk is made of two thin wooden blocks which are clamped together 
securely with a piece of clot h-in.sert ion rubber packing between them, 
cut to fit tightly in the bore of the })ipe. The disks are fastened to- 
gether about 2 ft. apart by thr(‘e I /4-in. iron rods. A 3 /4-in. Manila 
rope pa.ssirig through and fa-steiuMi to the disks is threadcHl through the 
pipe as laid, aftiT which the go-devil is pulled along, effectually cleaning 
the pipe line. A poor substitute for this device is the swab or “half- 
moon,'* made from a piece of board cut to the curve of the interior of 
the pipe, but not filling it. This board, fastened to a stick a little 
longer than th(‘ pipi', is drawn along first on top and then on the bottom, 
to clean the comph'ted si'wer. 

Tests of Cement Joints, — Tests of cement joints were made by Prof. 
Malvcrd A, Howe at the Hose Polytechnic Institute in 1892 {Jour, 
Assn. Enf>. Socs., .June, 1891). They were made on the ordinary bell 
and spigot joint, the corrugated bell and spigot, ring joint, and the 
“Archer water-tight” joint made in England. The results of some of 
these tests are given in Volume I. 

In 1894 Fre(‘man C. Coffin carried out experiments on cement joints 
(Jour. Assn. Eng. Socs., Dec., 1894), with Portland and Rosendale 
cement as jointing material, each of these being tried with and without 
the addition of sand. Tests were made under a uniform head of 5 ft. 
above the center of the pipe, which was considered the average head of 
ground watcr^m sewers. The pipe used were 6 in. in diameter and in 
lengths of 1 ft. Three forms of joints were tested, the standard, the 
deep socket, and the deep socket with round-about grooves on the inside 
of the socket and outside of the spigot end of the pipe. Mr. CoflSn 
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expressed the opinion that with joints equally well made, the seepage 
would vary as the thickness of the joint aiid inversely as the depths and 
in comparing the flush with the overfilled joints a decided gain !n»n 
overfilling was found, although there was a greater eccentricity in the 
results of the overfilled joints. 

In the tests of joints made with Rosendalo cement it was found that 
the neat cement made a poorer record than either a 1 : 1 or 1 : 2 sand mix- 
ture. The best results seemed to be obtained when the mortar was of 
such consistency that the largest amount would stay upon a trowel, 
neither falling apart from dryness nor running from moisture. 

Mr. Coffin summarizes his results as follows: With the standard joint 
the small amount of room for cement made it exeet^dingly difficult to 
make a full joint in the trench, and while the tests showed fairly good 
results he thought it impossible to approximat<i to such results in actual 
practice in a wet trench. For this reason he preferred to use a larger 
and deeper socket where tight work was desirable. With such sockets 
the mortar could be more, easily put into the joint and a wooden rammer 
of sufficient thickness to be effective in compacting the mortar could be 
used. The greater depth of the joint appeared to reduce the seepage 
and to render it more likely that imfwrfectly filled portions of the joints 
would be covered by better compacted portions. It also gave a greater 
body of cement to resist the action of water reaching it before it set; 
and allowed the mortar to be placed within the joint in.stead of outside 
it. Mortar applied to the outside of joints was of doubtful value, ho 
thought, in a trench wlu^re water was liable to reach it lafforo it had set. 
The increased length of the joint aided ver>' materially in preventing 
the pipe from moving in the joint and thus making a direct passage into 
it for the water. A gasket apparently increased the leakage by reducing 
the length of the joint and also the resistance to the passage of water; 
but in a verj^ bad trench, where the water was likc^ly to blow or wash 
the cement from the joint, it would prevent the sand from entering the 
pipe, and, if thoroughly saturated in a grout of neat cement, might aid 
in preventing the passage of water. 

lie advocated the use of 3-ft. instead of 2-ft. lengtlis of pipe, in order 
to reduce the number of joints, and also that two or more joints of the 
pipe should be put together on the bank and alio weal to set Ixjfore being 
placed in the trench. The difficulty in making joints on the bank was 
stated to lie in the alignment of the pipe. The ends wore not square 
and true and could not lx? depended upon to give proper alignment. 

F. A. Barlmur, in connection with tests on the strength of sewer pipe, 
also made at Brockton, Mass., some tests of the joints {Jour, A««n. 
Eng. Socs., Dec., 1897). He found the most notable result was the 
small leakage in shallow joints. He explained this result as follows: 
In the shallow joint the cement was perfectly hard and compact, follow- 

23 
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ing well the outh'ne of the while in tin; deeper joint the clinging of 
the cement to the sides made it difficult to fill the space unless the width 
was proportionally increased, or efforts out of all (lomparison with actual 
practice were made. Exi)erimentally a joint 3/4 in. deep was as water- 
tight as one 3 in. deep made with the same effort. In practice the 
difficulty of keeping the green cement from falling out of a shallow joint 
made the allowable minimum depth of joint greater than this. The 
value of overfilling was very considerable. In tests of 1 : 1 and 1 : 2 
mortar joints, the leakage differed but little from that with neat joints, 
and Mr. Barbour held that so long lus the percentage of cement was 
sufficient to fill the voids in the sand, the leakage through mortar made 
of clean, sharp sand and cement should differ little from that through 
neat cement. He concluded that, experimentally, a tight joint, under a 
5-ft. head, could be made by using dry mortar and sufficient tamping; 
that from joints made more nearly as iii practice little information 
could be obtained; that all joints should be overfilled; that joints less 
than 1/2 in. wide could not be made tight without undue labor; that 
the differeiKH^ b('twe<‘n Itosendale and Portland cement joints was slight 
after an IH-hr. set; that an overfilled shallow joint was as tight as a 
deeper joint, unless great care, seldom taken in practice, was used to 
fill the deeper joint. 

Sulphur and Sand Joints. — A composition of sulphur, tar and sand 
for joints has l>een used for a long time in England, in the preparation 
of the so-called Stanford joint, and is now used, without the tar, to a 
considerable extent in the United States. This jointing material con- 
sists of a niixture of about equal parts of very fine sand and sulphur, 
heated and poured like lead in making joints for cast-iron pipe. 

There are some difficulties encountered in the manipulation of this 
material. The sand used should be very fine, and of such quality that 
no grit is felt when it is rubbed between the fingers. The mixture must 
not be made too hot, for if it is it changes from a liquid mass to a semi- 
plastic one that cannot be poured. It is, however, only necessary to cool 
it off to the proper temperature in order to make it become liquid 
again. For the manipulation of this material a gasoline furnace is very 
desirable, if not absolutely necessary, in order to be able to regulate the 
temperature properly. It is very desirable to build up a funnel or gate 
of clay, 3 in. or more in height, through which to fill the joint, as this 
pouring under a slight head or pressure fills the space better and takes 
better care of the shrinkage. The neck of the funnel should be at least 
l/2 in. in diameter to prevent chilling of the liquid as it is poured. 

With pipe Mf) to IS in. in diameter, it Is customary to joint two or three 
lengths of pipe on the bank, which is a great advantage, as these joints 
can be made under the best possible conditions. In cold weather and 
with large pipe it is sometimes difficult to get the material to fill the 
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bottom of the joint, as it cools very rapidly. A piece of jute thrown over 
the pipe close to the joint and lighted, will usually provide sufficient 
heat to prevent this difficulty. The use of sand in the mixture is to 
hold it to constant volume while cooling and to prevent shrinkage, 
which occurs if too little sand is used. It is very important to experi- 
ment in order to get the proper mixture, for it is found that with unsuit- 
able or insufficient sand the shrinkage may be great enough to allow the 
sulphur to become loose from the pii)e8. If the sand is too coarse the 
mixture will not be uniform, for the sand sinks to the bottom of the 
heating kettle. 

After the joints are poured they are sometimes painted or coated with 
a layer of roofing pitch to insure their water-tightness. 

Tliis type of joint has been used for many j'ears at Newton, Mass., 
where it has given satisfaction. It is clainKul that no cases liavo been 
found where roots of tn^ea have obtained an entrance to sewers through 
such joints. It was also used as early as HHX), or thereabouts, for the 
sewers built by Alexander Potter for a number of municipalities in New 
Jersey. He employed a mixture of sulphur and sand in the proportions 
of 1 to 1, approximately, heated together at a temperature of 230® F. 
and poured in th(5 usual manner. He reported that the physical and 
chemical tests of the mixture showed it to superior in all respects to 
Portland cement mortar, both neat and mixed with sand, and his papers 
on the subject first called general attention to it in this country. Tests 
indicated that wliile the tensile strength of pure sulphur was about 100 
lb. to the square inch, the sulphur and sand (jornposition had a tensile 
strength of 400 to 700 lb. to the square inch. Several briquettes tested 
2 hours after they had been jKiured broke at 070 lb. to the square inch. 
He had samples of th({ mixture analyzed, and found that under a 72- 
hour test the composition was not affected by any of the acids or alkaline 
liquors to which the samples were submitted when present in such quan- 
tities as are likely to be found in sewage. The tesU also showed that 
the mixture was practically impervious to water, the absorption averag- 
ing 0.017 i>er cent. 

The tests indicated that the more sand the sulphur could take up and 
yet run freely, the stronger the resultant mixture would be. They also 
showed that the finer the sand the more satisfactory the results. Coarse 
sand precipitated more rapidly and was practically useless. A sand 
which was satisfactory in use liad an effective size of 0.135 nun. Ex- 
periments were made with fine Long Island beach sand, but this was 
found unsat isfactor>'. 

This form of joint had the further advantage, Mr. Potter said, that 
water could be allowed to rise in the ditch 1 minute after the joint had 
been niade. It was also proof against the intrusion of roots into the 
sewer. He found that under the conditions usually existing in sewer 



338 


AMERICAN SEWERAGE PRACTICE 


work, this joint would cost somewhat more than cement joints, but that 
if a reasonable effort was made to secure tight sewers with cement joints, 
the cost of joints of sulphur and sand would be no greater. The rigidity 
of joints formed of this material made it almost essential to deposit con- 
crete under the haunches of the large pipe, he said. Tests were made 
with crude Sicilian, roll, and flour sulphur, the last being the most 
expensive of the three but the most satisfactory and easy to handle. 
The most serviceable size; of melting pot was one holding enough material 
for at least three joints on the larger pij )0 and a dozen on the small pipe, 
at one time. The spt'cafic gravity of the melted mixture was 2,40, Mr. 
Potter said. The cost of the joints he gave in Table 57. 
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At Louisville (Heport Sewerage Commission, 1907-1910) sulpiiur-sand 
joints were used in laying a large number of lateral sewers. In the pre- 
liminary stage of this work a mixture of sulphur and sand in equal parts 
was tried, n very line molding sand from a local pit being used. From 
the first this mixture gave trouble, several radial cracks ap|>earing on 
each joint as soon as the joint w’as ptmred, and about 12 hours after being 
poured the joint ioo.sened, permitting the easy separation of pipe. 
Investigation showed that the sand contained a considerable jicrcentage 
of clay. It was therefore wa.shed, but the results were not much better. 
Finally another vt*ry fine sand with less clay in it was used, and tliat 
w'as found to work satisfactorily, particularly in a mixture of 6 parts 
molding sand, 4 j>nrts Ohio River sand, and 10 parts sulphur. It 
was found that the mixture would practically melt at 200® F., and 
that it became thin and suitable for jwuring at about 260° F. If the 
temperature rose more than 25° to 40° higher, how^ever, the mixture 
w'ould becowft thick and plastic and could not be poured. 

After the joint had l)ecn poured, an asbestos jointer being used for 
the purjKwe, and while it was warm, it was coated with hot titr pitch 
as a further precaution against leakage. Within 5 minutes after 
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the joint was poured, the entire length of three or four pipe, wluch 
had been put together on the bank, eould Ihj removed from the cradle 
and placed in position in the trench. 

When water was encountered in the work, care was taken to hold its 
level below the pipe joints, as otherwise the liquid mixture did not 
enter the submerged portion of the joint. For joints formed on the bank 
it was found desirable to have a substantially built cradle with templets 
to hold the pi|)e accurately in alignment. It wa.s found that good 
briquettes made of sulphur and sand of the proj)ortiona us(^d on the works 
showed a tensile strength of from 520 to 640 lb. per scpiare inch. 

A difficulty with this kind of a joint is that it is absolutely rigid. As 
a result, unless the bottom of the trench coriforais accurately to the shape 
of the pipe or if the backfilling is poorly done, the pipe are likely to lie- 
come broken. This difficulty is not so great in the case of cement joints, 
although after the cement is set the joint is rigid. Much of the settle- 
ment and adjustment takes place before this occurs. Numerous 
attempts have been made to overcome this diffinmlty by the use of the 
so-called plastic joints, and many engineers look with considerable 
favor on the asphalt joint. 

Asphalt and Tar Joints. — Asphalt joints have Ixuni used for many 
years in German cities, ap]>arently with success, and in some places in 
the United States. An obj<?ction to the material is that it melts at 
a rather low point, which prevents its successful use in jdaces where 
large quantities of hot wat(*r or steam find their way into the sewers, 
as is the case in some large cities. In Germany the engineers advocate 
the use of natural asphalt, but there is among American engineers a 
question as to the durability of this material, liecause of the possibility 
of its deterioration in the presence of water and chemical agents. Some 
coal-tar products may possibly be better adapted to this purpose, but 
there are no data of value on this subject. 

Carl Hcnneking, City Engineer of Elberfeld, Germany Record, 
Dec. 25, 1900), where asphalt lias b(‘(in used successfully for many years, 
gives the following necessary conditions for making satistactory joints 
of this material: 

1. The surfaces must be absolutely dry and clean before pouring. 

2. The asphalt must be free from impurities which would tend to promote 
the formation of bubbles. 

3. The asphalt must be very fluid. 

4. The pour must be made at one time and continued until the asphalt 
reappears at the opposite side of the pour hole. 

6. The pipes must be well aligned and the jute calked in so as to prevent 
the asphalt from entering the inside of the pipe. 

6. The melting tank must be kept closed so as to i>ri*vent the escape of 
the light oils. 
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The average specific gravity of the asphalt used by Mr. Henneking 
was 1.32; it began to soften at KIT F., at 350° it became liquid, and at 
378° it was ready to pour. 

About 2000 ft. of 12-in. sewer were laid in 1908 at Monmouth, 111., 
under the direction of John S. Bates, who used an asphalt joint on 
account of the very poor character of the cement joints made in the 
city just prior to that time. For the joint he used a preparation made 
by the American Asphalt um & Rubber Co., known as Pioneer Water- 
proofing Asphalt. In a description of the work in Eng. Record, Jan. 9, 
1909, he stated tliat he used only enough oakum to prevent the melted 
asphalt from running through to the inside of the pipe. A jointer made 
of 1-in. square duck packing, smeared with mud to prevent the filler 
from sticking, was tamped firmly in place, care being taken that no 
water was left in the joint space to form steam. This was accomplished 
by enlarging the bell hole in the bottom of the trench and dipping this 
hole free of water just before placing the next pipe. The asphalt was 
heated in a kettle near the w’orks and enough for a joint was easily 
handled and poured by one man. The time required for the complete 
joint was a little more than that necessary to make a cement joint. 
The filler required about 5 minute.s to cool sufficiently to hold its shape 
and permit the gasket to be removed. The cooling was aided by pouring 
water from tlu^ bell hole over the joint. The work was much facilitated 
by nmking every alternate joint on the top of the bank, and thus re- 
ducing the amount of work to be done in the trench. In very shallow 
trenches, three lengths of pipe were joined on the bank, but this made 
too long a section to be handled easily as a rule. The joints made on 
the bank were made by standing a pipe vertically on the spigot end and 
placing a second pipe in position above it, so as to enable the two to be 
accurately centered before the oakum w^as inserted and the joint 
poured, this last work requiring no gasket. 

Information relating to the cost of asphalt joints at North Attle- 
borough, Mass., was given in Eng. Record, Nov. 18, 1911, by Frank A. 
Barbour, Consulting Engineer of the new sewerage system of that place. 
The sewers were in three sizes: 15 in. diameter, deep and wide socket 
pipe in 3-ft. lengths, 12-iu. standard pi|Xi in 3-ft. lengths, and 10-in. 
standard pipe in 3-ft. lengths. Two brands of asphaltic compound 
were used, the Pioneer Filler asphalt, furnished by the American 
Asphaltum & Rubber Co., at $28.50 f.o.b. Cliicago per gross ton, and 
Kiola Asphalt Sewer Pipe Composition, furnished by Warren Brothers 
Co., at $28 f.o.b. Boston per gross ton. The former averaged 236 gal. 
per ton, mal&ng the weight per gallon 8.05 lb. and the price 12.1 cents 
per gallon. The latter was considerably heavier, running 145 gal. to 
the ton, so that the weight per gallon was 15 lb. and the price 19.3 
cents per gallon. The joints were made by using three strands of jute 
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gasket, which filled the joint to a depth of about t3/4 in., the remaining 
depth to the face of the bell lx;ing poured with hot asphalt, using a 
regular cast-iron pipe clip and overfilling with cement mortar on the 
outside. 

For the 15-in. pipe sewer, from 3.37 to 5.7 lb. of asphalt were used 
per joint, and the cost was from 1.6 to 2.8 cents jier foot of pipe. The 
cost of laying, including cement, was from 11.8 to 10.5 cents per foot. 

On the 12-in. sewers 1.31 Ib. of asphalt per joint were used, and the 
cost of laying, without cement, was 8.9 cents per foot. In laying the 
10-in. pipe from 1 to 1.95 lb. of asphalt were used per joint and the 
cost of laying, without cement, was from 8.1 to 11.3 cents per foot. 

E. J. Fort, Chief Eng. of Sewers, Brooklyn, N. Y., has recently 
drawn up a specification for bituminous joints which reads as follows: 

“All joints of the sanitary pipe sewers below the normal water table 
shall he made with a compound approved by the chief engineer. The 
compound shall preferably have a bituminous ))a8e, slmll adhere firmly to 
the glazed surface of the pipe, shall melt and run freely at a temperature as 
low as 250° F., and when sot shall be sufficiently elastic to permit of a slight 
movement of the pip(^ without injury to the joint or breaking the adhesion 
of the compound to the pipe. Tlie compound shall not deteriorate when 
submerged in fresh or salt water or normal domestic sewage. It shall also 
show no deterioration of any kind when immersed for a period of 5 days 
in a 1 per cent, hydrochloric acid solution, nor when immersed for 6 days 
in a 5 per cent, solution of caustic potash. All sanitary pipe sewers 
shall be laid in a concrete (Tadle, as shown on the plans. The joints shall 
be carefully centered and calked in the usual manner. AfbT the joint is 
properly calked, a suitable runner shall be placed and the compound, 
heated to a temptirature of approximately 4(K)° F., shall be poured from one 
side so that it shall run around the pipe and fill the annular space to a point 
1/2 in. inside the outer rim of the bell of the pipe. After the joints are run 
and the concrete cradle placed, that part of the joint not imbetided in the 
concrete shall be further protected with a cement-mortar casing extending 
at least 3 in. from the face and outside of the liell. The cement-mortar 
shall be made of 1 part cement to 1 part of sand.” 

Tar-cement joints were used on a section of the East Jersey Joint 
Outlet Sewer, constructed under the direction of Alexander Potter for 
11 different municipalities. This section was about 17,000 ft. long and 
consisted mainly of 22 and 24-in. vitrified pipe. About half of its length 
was laid in verj' wet trenches, and the liability of cement joints to 
permit infiltration of ground water in such a trench was the cause of 
the adoption of tar-cement joints. These were made by using strands 
of jute soaked in North Carolina tar as a gasket. This gasket was well 
calked into the annular space, the inside of the socket and the outside 
of the spigot of the pipe fitted together having been previously swabbed 
with tar. 
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Into a bucket full of Portland cement, North Carolina tar was poured 
and kneaded by hand with the cement until a material having the 
consistency of rather stiff dough was secured. This substance was 
then rolled on a board to a sufficient length and diameter, and placed 
in the annular space between the pipe to be jointed, where it was 
thoroughly rammed by a suitable tool and hammer until the space 
was filled to within 1 /2 in. of the end of the socket. The usual beveled 
cement-mortar finish was then given the joint. In filling the annular 
space with this mixture Mr. Potter found that the weight of the material 
was often enough to caii.se the tar-cement to flow before it had set, 
causing it to drop away from the lower side of the upper portion of the 
bell. Moreover, unless the spigot of the pipe at the joint was supported 
on some solid bearing, such as a small chip or piece of vitrified clay, the 
weight of the jiipe compressed the tar-cement in the bottom of the 
joint before it harden(‘d, causing the filling material in the upper portion 
of the annular space to be drawn away from contact with the inside of 
the top of th(' bell, thus giving an opportunity for leakagii in water- 
bearing ground. Tlie tar-cement mixture when properly made becomes 
tough and hard in several hours, according to Mr. Potter, the time 
depending on tin* temperature and the proportion of cement incorporated 
into the mixture. 

Tar-cement joints were later used extensively along the New Jersey 
coast in towns where water and quicksand are encountered. Much of 
this work has been done under the direction of Alexander Potter, who 
states that while there will be some leakage between the successive 
batches of the mixture inserted in the annular space of a pipe joint, the 
fact that this space is filled with a material which will stay there makes 
it, under such circumstances, preferable to cement. The material does 
not shrink and in small pii)e the creeping which makes it objectionable 
in the larger sizes does not prove a drawback to its use. Wlien reason- 
able restrictions as to water-tightness of sewers are demanded, Mr. 
Potter believes that this material can be used with economy. It is a 
slow proc(*ss to employ, and is adapted to those difficult situations where 
the laying of a few pipe constitutes a fair day’s work. 

G-K Compound. — This product is described by the producers, the 
Union Clay Products C^o., as “a homogeneous plastic mass composed 
largely of vulcanized liiusecd oil and a binder of anhydrous clay.” It 
is furnished^ in barrels of about 400 lb.; the stays are knocked away 
leaving the compound in a hard firm moss which is broken up wdth a 
liammer or hatchet when it is to Ixj melted. In a sewer system con- 
structed under the authors' direction, where the material was employed, 

> A. EilioU Kimberly informs the authors that on three sewerage systems with which 
he waa connect etl, the bids for G-K jointa averaged 21, 29 and 34 per cent, more than 
thoN for cement jointa. 
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it was heated by the oontractor in a galvanized iron pail about 14 in. 
deep and 15 in. in diameter. This pail was used over a coke fire in an 
ordinary lead furnace, after a brief experience with a wood fire showing 
that the latter was unsatisfactory, because the flames would rise above 
the kettle and cause the compound to take fire, and at other times tlie 
temperature became altogether too low. The makers of the compound 
advise heating it on a gasoline furnace as being more easily regulated 
and more quick in melting the mass. While the compound is first 
heated, it bubbles and foanw considerably, but after it has been melted 
for 15 to 30 mill, the foaming subsides very largely and the compound is 
being “cooked,” ready for pouring. The cooking must be repeated 
every time the compound is reheated. When in suitable condition for 
pouring it is as fluid as water, and the surface is apparently covered with 
a thin film of oil. It must be kept stirred constantly, for otherwise 
air bubbles will be found in the joint. If it is overheated it carbonizes 
and becomes entirely unfit for use. Experience shows that just before 
pouring the material should be stirred vigorously for a few minutes. 

The inside of the bell and outside of the spigot end of the pipe at a 
joint should be wiped with a piece of cloth or jute before pouring the 
compound. Then the joint is calked with jute in order to prevent the 
melted compound from running into the pipe. This is quite important 
beciause as much as a handful of the compound has sometimes been 
taken from a joint, after tlu? pouring, which indicates the amount of 
leakage that may occur through the jute into the interior of the pipe. 
An asbestos gasket, resembling a piece of canvas-iaivered lawn hose, 
except that it is not hollow, is used in pouring the joint. It is clamped 
at the top, leaving an opening through which the compound is poured 
into the joint space. This opening should be slightly off center, ac- 
cording to the Union Clay Products Co., so that the material as it 
flows in will drive out any water before it.^ The pouring should l)e done 
immediately after the joint is calked so tliat the water will have no 
time to swell the jute. On the sewerage work done under the direction 
of the authors, already mentioned, a number of joints were poured with 
the water half-way to the crown of the pljM’, with{>ut resulting in any 

* A. Elliott Kiinlwrly informed tlm nuthoru that he had niurh trouble In ffdloiring 
theae direct IOU8 in jointing standard ft-in pipe in 2-U iengtha Hia aaaiatant engineer, 
F. D. Stewart, reiM>rt<*d that with the small annular spare between the bell and spigot 
of Bueh pipe, the compound hardened before it eould flow entirely around the pipe, 
even though it was in a state of apparently maxitnura fluidity only 16 see-onds before pour- 
ing. The temperature of the air was about lif F. Mr. Stewart stated that ho tried 
forming the pouring hole directly over the center of the pipe, so that the melted com- 
pound flowed down both sides at the same time. These joiuu were not entirely satis- 
factory, owing to their having unfilled spaces in the inverts of the pipes ranging in 
sidth from ^ to in In these cases the joinu were filled completely by pouring 
ineltcHl compound through a cardboard mold banked up with earth on the bottom and 
•ides. While this method completely filled the jointing space, it was exceedingly waste- 
ful of material. 
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imperfection in the joint which could be discovered on careful inspection. 
They do not, however, advise tliis practice under ordinary conditions. 
Apparently there is little difference in the behavior of the compound in 
hot and cold weather. The manufacturers state that about 0.6 lb. of 
the material is required for the joint in a 6-in. pipe and the amount 
increases up to 0.9 Ib. per joint for 10-in. pipe. Experience on tliis work 
indicates that these figures are very low, although it is possible, of course, 
that with greater experience the contractor would have employed less 
material to obtain equally satisfactory joints. 

The work was done with one man to attend to the heating and to 
pour half of the joints, those made on the hank, and to carry the melted 
compound to the pii)e layer in the trench; two men to carry the jointed 
pipe with the help of a joist and lower it into the trench, and to assist 
from time to time on otln^r work as they had the opportunity to do so; 
two pipe-layers to pour joints and lay pipe in the trench. In making 
joints on the bank, the pipe is placed with the bell end up and care- 
fully plumbed, the spigot end of a second section is inserted in this 

bell, and tlu; joint calked with jute and filled with the compound. 

In carrying on work on the bank, experience indicates that it is well to 
insist upon all jaix' being carefully plumbed. Observation of the 
joints poured in this way indicates that there is some shrinkage of 
the compound as it cools, but it should be added that other engineers 
have reported that no shrinkage could be discovered. 

A test of a 6-in. sewer of standard 2-ft. pipe with G-K joints wa.s 

carried out by A. Elliott Kimlierly, who states that although the 

hydrostatic pressure employed was only 5 lb. per square inch consid- 
erable l(;aknge was apparent. On this line half of the joints were made 
on the bank and half in the ditch; the leakage occurred in both classes. 
Mr. Kimberly’s exix'rience and the information he lias gathered from 
contractors have led him to draw' up the following general rules for using 
this material for joints: 

“1. Break up the material into comparatively small pieces before heating. 

“2. Use a coveriKl kettle to minimize volatilization of the oil. 

“3. Use wotsl as fuel and heat rapidly. Preferably there should be de- 
signed a Bjweiul furnact* arranged to prevent the bare flames from corning 
in contact with the bottom of the melting pot. 

“4. Do not attempt to draw off material from the kettle through the pipe 
unless the valve is jacketed, that is, is inside the kettle, especially during 
cold weather. Otherwise solidification of the (ximpound will ensue. 

“5. Do not prepare more melted compound than can be used for pouring 
one set of jeSnts, vertical and ditch joints combined, in view of the fact that 
upon prolonged heating the material carbonizes in possibly a half hour after 
ebullition has (vased. Carbonization may be avoided, however,- if fresh 
material is added us soon as all joints are poured that arc ready for pouring. 
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“6. Do not attempt to use again material that remains in the kettle 
after a day’s work is over. 

“7. Invariably use deep and wide socket pipe, preferably in 3-ft. lengths.” 

Mr. Kimberly is strongly of the opinion that more calking material 
is required for poured joints of this ty{)e than for cement joints. There is 
a general opinion among those who have used the compound that more 
of it is required for joints tluin is indicatcKl by the figures given by 
the makers, and the explanation of this discrepancy which Mr. Kim- 
berley advances is that an unnecessarily large amount of jointing 
material and a small amount of jute are ordinarily employed now, 
although in view of his cx|x^rience with leaky joints made with this 
compound it w'ould hardly s(*em advisable to make any reduction in 
the quantity of the material upon which the inqw^rmeahjlity of the 
joints depends until the subject has receivcnl further investigation. 

Another jointing compound of the same general tyjH' is Marblcoid 
composed of linseed oil, sulphur and marble dust. Still other plastic 
jointing compounds are .lointite and Filtite, the latter being matie in 
several grades for poured joints and also in a grade which is so stiff that 
it must be molded and pressed into the joints, a proi)eny claimed to bo 
of value in making joints under water. 

Tests of Pipe after Laying. — It is not customary in the United States 
to specify any particular tc'sts for water-tightness after the sewer is laid, 
reliance being placed entirely on in8i)oction during the progress of the 
work. In England and (lermany, however, it is quite customary to 
specify hydrostatic or pneumatic tests of sections of the work before 
backfilling is allowed. The Manchester sp<‘cifications for sower con- 
struction say: 

“The whol(? of the sewers and drains must he made thoroughly water- 
tight and stand the following hydraulic test, applianot‘H for which shall be 
supplied by the contractor, both before and after the earth is filled in to 
the satisfaction of the manager. The lower end of the drain will be closed 
by a projierly fitted drain plug and the drain filled with water to a head of 
4 ft. Any leaking or defective joints must be made good by and at the 
expense of the contractor.” 

Details of carrying out such t^^sts are as follows: A plug is inserted 
in the lower end of the section under examination and at the upper end a 
right-angle bend facing upward, and two lengths of pipe are inserted. 
The sewer is then filled with water up to the top of the temporary 
upright pipes at the upper end. The rate of lowering the water in the 
upright pipe is noted, and from this it is possible to compute the leakage 
per foot of sewer for any stated period of time. 

The amount of leakage allowed by different engineers varies greatly. 
Watson (“Sewerage Systems," p. 233) says that “in regard to 9-in. 
sewers, a test is regarded as satisfactory if the pipes do not leak at a rate 
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exceeding 1 100 (imp.) gallons per mile jxjr 24 hours.’^ It may be noted 
however, that to lay sewers in such a way that the leakage would not 
exceed tins amount recjuires exceedingly careful as well as expensive 
work. At Elberfeld, Germany {Eng. Record, Dec. 25, 1909), before 
putting the sewers into service, the ends are closed with iron plates 
fiUed with rubber packing rings. Air pressure is then applied with a 
bicycle pump; if the pressure remains constant at 3.7 lb. for 19 minutes 
the pipe is passed. ' 
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CONSTRUCTION OF BRICK AND BLOCK SEWERS 

Usually vitrified pipe is the most practicable material for the con- 
struction of sewers less than 24 in. in diameter, and sonietiines of much 
lar^T sewers. Amorif? materials which may Ix^ used for the construction 
of larpe sewers are wood, stone, brick, concrete, reinforc<‘d concrete, iron 
and steel, and blocks of vitrified clay or concrete. Local conditions have 
an important bearing on th(‘ selection of materials for the construction 
of large sewers. In some places brick may be economically used, 
because they can la' {)urchased at low prices and an ample supply of 
mason labor is available at retisonabU^ prices, whereas their use in other 
])Iaces may be prohibitively exjiensive. Where stone may be had at 
very low prices, it may be wise to use it, although care should be taken 
to produce a smooth inner surface. In Paris many sewers have been 
built of rough quarr>’ stone, laid in mort-ar and rendea'd inside with 
cement mortar, thus producing a smooth surface. Many of the oldest 
sewers in this country were constructed of wo(mI and were either square 
or round. Some of these, while by no means satisfactory, have served 
their purjx)se for many years. As a temporary expedient, the use of 
wood may even now be ju.stified under rare conditioiLs. Cast-iron and 
steel pipe of large sizt's liave been and are now u.sed under certain condi- 
tions, as for example, for the construction of inverted siphons and for 
sewer outlets. 

While wood, iron and steel may be used for the construction of large 
sewers, in special cases, some kind of masonry' must constitute the main 
reliance of the sewer builder. It is, therefore, important to determine 
which kind is most economical, and the decision must Ije based upon 
serviceability and durability, as well as upon cost. Where the servicea- 
bility and durability afforded by two or more materials are substan- 
tially equal, and the work is to be done by contract, it may be advisable 
to take bids u|)on the use of the several materials, finally selecting that 
which proves the least exfxinsive. Where materials are thus thrown 
into competition, it is important to place all on an ocjual footing, tliat the 
comparison of prices may lx? fair. For example, if it is considered that 
brick is rougher than concrete, and therefore has less carrjdng oaiwicity, 
but is otherwise equally desirable, allow'ance for this difference should be 
made in the sizes. In such cases the cost of extra excavation, as well as 
of extra masonr}^ must be taken into consideration. 
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Where tests are to be applied, they should be so specified that they 
will require of one material no qualities which are not possessed by the 
others, which perhaps may not be subject to the test. Reliance should 
not be placed upon a test to exclude some material, which, for reasons 
not covered by the test, is not considered suitable for the work in hand. 
It is also important to specify with exactness the character of materials 
to bo used and the quality of workmanship required in the construction 
of sewers of different materials, that the bidders may be able to estimate 
with accuracy the cost of building the structure, and that these costs 
may be compared with fairness to those bidding upon different materials. 

Quality of Workmanship. — When it is considered that sewers are 
built for at least a generation, and perhaps for hundreds of years, it is 
evident that consideration should be given to the character of workman- 
ship employed. It is idle to provide specifications for elaborate tests of 
brick, cement and reinforcing steel, and to disregard the quality of 
workmanship whicli may have even a greater bearing upon the life 
and usefulness of the structure than the quality of the material entering 
into its construction. 

Where it is necessary to exclude ground water from the sewers, so far 
as possible, they are logically designed to provide capacity for so much 
ground water as is unavoidably admitted to them. How absurd it is, 
then, to allow them to be constructed carelessly, with poorly filled joints 
or porous concrete which will permit leakage far in excess of that 
provided for in the original calculations. As the roughness of the 
inner surface has a bearing upon the carrying capacity and upon the 
formation of df'posits, it is important to provide smooth inner surfaces. 

As a rule it is practically as easy and it involves substantially no more 
expense to lay brickwork and place concrete in a workmanlike manner 
than in a careless and slovenly manner. It does, to lx; sure, require 
some knowledge of the art- and some skill on the part of the masons and 
the concrete foremen, but these qualifications may be reasonably 
expected of those undertaking the work. 

For the construction of concrete sewers the forms must be well made, 
water-tight, smooth and of accurate dimensions. Such forms may cost a 
few cents more per foot of sewer to be built than rough, ill-shaped and 
leaky fonns, but the difference is practically negligible. It is equally 
important utK)n concrete work that the foreman knows the proper 
conaisteney for t he concrete and that he sees that it is so handled that its 
components are not st^gregated and that it is sufficiently spaded. By 
giving attention to these points and exercising the proper care of his 
forms, it will^be found as easy and no more expensive to do high-grade 
than poor work. 

Pipe and Masonry Sewers, When Used. — Vitrified pipe is oonunonly 
used for sewers under 24 in. in diameter and may be had as large as 36 
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or 42 in. in diameter. Concrete pipe is more or less commonly used for 
sewers 36 to 48 in. in diameter and standard forms for pipe as large as 
84 in. are on the market. For the construction of sewers too large to be 
economically and safely built of pipe, it is necessary to employ masonry. 
By far the largest proportion of such sewers have been built of brick 
or concrete, either j)lain or reinforced. The great advantage of mono- 
lithic concrete over most other materials used for masoniy sewers lies 
in the fact that tlie thickness of the barrel may be varied according to 
requirements for strength. Such variations may l)e afforded to a limited 
extent by brickwork hut not economically and conveniently as by con- 
crete. Concrete has the further advantage that it can be readily re- 
inforced with steel as rc'cjuired to meet the conditions encountered. 

Where pipe is equally .satisfactory in other resiMJCts, the decision as to 
where to change from pijMi to masonry depends upon the relative cost. 
Monolithic unreinfor(;ed concrete has lietm used in successful competi- 
tion with vitrified pipe of 24'in. diameter. It is not safe, however, to 
assume that cither brick or concrete will he less expensive than pipe, but 
on the contrarj', after ac(iuiring a knowledge of the local conditions, 
careful comparative c.'^ti mates should be made, or e.ompetitive bids 
should l>e obtained, to enable the engineer to make an intelligent decision 
between the two classes of material. 

Cement i)ipe was used for many years in New England but it has been 
supplanted by vitrified clay pipe, which experience proved to be more 
durable and uniform in (piality, although somewhat more expensive. 
It has be(’n used exten.sively in the Borough of Brooklyn in recent years 
under rigid s})eciti cat ions and inspection; the method of manufacturing 
it in that l>orough is describ(*d in Volume I, page 352. West of the Mis- 
sksippi a larg(‘ amount of <!ement pipe is used in sewerage work. Much 
complaint about its (juality has arisen, but specifications for it are now 
more comph'te and tests to determine the character of the product are 
more frequently made, so that an improvement in quality has doubt- 
less occurred. As is evident from a consideration of the method of its 
manufacture, described in \'olume I, page 350, such pipe must Ixj care- 
fully and intelligently made in order to be dense, hard and uniform, and 
it lacks the vitrified interior which is a leading advantageous feature of 
clay pipe. At [)resent (1914) the general opinion is that vitrified pipe 
is better than cement pipe, but price considerations may render the 
latter advisable. 

BRICK SEWERS 

Quality of Sewer Brick. ---Engineers have so long specified a certain 
grade of brick for use in sewer construction that the term “Hewer Brick' ^ 
has come to be recognized by the trade as meaning hard-burned 
brick of good quality, f'ormerly when the kilns were made by hand and 
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the fire was built directl}' in an opening in the pile of brick, there were 
marked differences in tiie quality of brick from different parts of the 
kiln, those in the outer part being under-burned and consequently soft, 
of poor quality and light colored. Those directly over the fire, known 
as “arch brick,” were over-burned, often ill shaped, extremely hard 
and brittle, while those between these two extremes were of the best 
quality. With the more modern permanent kilns in use, the differences 
arc not so great. The best of the brick should be selected, or specified, 
for the inner ring, and upon small work it is usually best to accept but 
one quality. They should be hard, regular in form and uniform in size. 
Upon large work it may be j:)ermisHible to use some of the over-burned 
and slightly irregular l>rick for backing, if such a course will result in 
a material saving in cost. 

The sizes of brick vary considerably in different places, and even those 
made by the same manufacturer differ somewhat according to the extent 
of burning, the harcl-burned bri(^ks being somewhat smaller than 
others. In 1809 Die National Brickmakers Association established 
2-1/4 X 4 X 8-1/4 in. as tlw^ standard size for common brick, although 
this size has not been adopted universally. 

The importance of the size of the brick is not always fully realized. 
Usually there are brick of several sizes, from which those to be used may 
be selected. The harder brick Iwing smalh^r, it is nec^essary to balance 
the advantages of the hard-burned smaller brick with those of the 
somewhat softer but larger brick. Tlie decision should not be based 
wholly upon size, as the durability of the sewer is a matter of great 
importance. 

A brick which is S in. long will gain in laying the ei^uivalent of nearly 
7 per cent, over the brick which is 7-1/2 in. in length. Similarly, the 
brick which is 2-1/4 in. thick will gain in laying about 12 per cent, over 
those which are 2 in, thick. Therefore, a saving of approximately 20 per 
per cent, in the cost of the brick may be effected by the use of those 2-1/ 4 
in. thick by 8 in. long, iii.stead of tho.se 2 in. thick by 7-1/2 in. long. In 
addition to this, there will be a saving due to less mortar and labor 
required for laying the smaller number of brick, although the labor 
probably cannot be reduced in proportion to the reduction in the 
numlx^r of brick required. 

Another consideration, although one which is more difficult to reduce 
to comparative figures, is the effect of the width of the brick. Many 
sewer brick are not more than 3-1/2 in. in width, although some will 
run 4 in. or more in width. The thickness of wall of a two-ring sewer 
built of 3-l/l(^in. brick will be 7-1/2 in., excluding plaster, whereas the 
corresponding thickness of barrel built of 4-in. brick would be 8-1/2 
in., an inorcase of over 14 per cent. If the two brick are of identi- 
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cal quality, a more masaive structure will l)e secured with the use of 
the larger brick, with corresponding advantages. 

While brick masonrj' is often computed in terms of cubic yards, it is 
customary in designing and considering different types of sewers to 
consider them as })eing made up of a certain numl>er of rings of brick- 
work, rather than of the exact thickness of masonry to l>e obtained. It is 
therefore wise, when s|M'cifving that payments Ik? made per cubic yard, 
to specify that the masonry shall be assumed to be of the required 
thickness and that computations will be based ujwn this assumption, 
even though the bri<'k used may provide a thickness of sewer barrel 
slightly more or less than tliat stipulated. 

The usual tests for determining the quality of brick are to determine 
the uniformity of size, texture, and absorption. 

It is usually Hi)eciti(‘d that brick from one place of manufacture 
shall not vary more than about 1/10 in. in thickness, nor more than 1/8 
in. in width and length, and that the edges sluill Ik? uniformly straight 
and parallel. The texture should be tine and compact, and the brick 
should (contain no fissures, air bubbles or pebbles, and when struck 
should give a clear ringing sound. The water absorbed by brick 
within a stated p(‘riod, usually 24 hours. Is an indication of the density 
and the extent of burning. Soft-burntnl brick from the outside of the 
kiln may absorb 30 to 35 j)er c(‘nt. by volume of water in 24 hours, 
while the overburned parliully vitrified arch brick may absorb only 
2 or 3 per cent. The limiting amount of absorption usually speci- 
fied is between 10 and 20 per cent, by volume in 24 hours, equiva- 
lent to about on(‘-half the.se {iuantiti(‘s if (Calculated on the weight of the 
brick. The specifications of the New York Hoard of Water Supply 
state that the brick may Ik‘ rejected if the ab.soi 7 )tion is over 16 per 
cent. Those of the City of (hncinnati sjK'cify not over 12 nor leas 
than 2 per cent, by weight in 24 hours, for brick broken across the 
middle. Many specifications indicate no stated tests, but have a 
general reriuirement that the brick shall be of fine, compact texture and 
uniform size. Tin* Metropolitan Sewerage Commission of Massachu- 
setts hiis brick on exliibition of a (luality similar to that required when 
purchases are made. 

Tests for Sewer Brick.— For the determination of the quality of 
brick for sewer work, such simple tests as listening to the clearness of 
the ring when the brick are struck, estimating the relative weights of 
different brick by lifting them, and observing the color, shape and size, 
are usually relied upon. A compact brick of uniform texture, without 
fissures and air bubbles, will give a clear, ringing sound when struck. 
Pale color in brick from localities where the clay bums red, which is 
generally the case, signifies underbuming. On the other hand, very 
dark colored brick are often overburaed and partly vitrified. Brick 
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shrink on burning, the hard dense brick being somewhat smaller than 
underbumed brick from the same mold. 

Specifications relating to uniformity of size and shape have already 
been mentioned. There is, however, one laboratory test sometimes 
required, namely, the determination of the percentage of absorption 
of water by the brick within a specified time. The results of such a test 
may be reported as a percentage by weights or by volumes. In the 
latter case the percentage is an indication of the porosity and may, 
depending on the Hi)ecific gravity of the brick, be two or more times as 
much as the absorf)tion by weight. This te.st is an indication of the 
efficiency of the burning of the brick, for soft uiiderl)urncd brick are 
porous and absorb a large amount of water, w'hile hard burned vitrified 
brick will absorb little. 

At Worcester, Mass., the absorption te.st is made as follows: The 
brick are first dried by placing them in an oven at 100® to 125® F. for 
a sufficient time to dry them completely. A test of the thoroughness 
of the drying may be made by weighing the brick and replacing them 
in the oven for an hour, after which they nmy be reweighed to determine 
if there is any further loss. After complete drying, the brick are 
weighed and placed in a small brass tank filled with water and pro- 
vided with a gage glass which has a scale fixed at one side. The 
reading on the scale is taken and after 24 hours another reading of the 
scale is taken to show tlio volume of water absorbed. Tlie brick are 
taken from the tank, the water on the outside remov(‘d with blotting 
paper, and the brick reweighed as a check on the direct volume 
determination. 

Handling Brick. — A gang of five men will unload through a chute to 
wagons, a car of r2M brick in about 4 hours. When the brick are 
delivered on the job, they should be immediately culled by the con- 
tractor and rejected brick removed from the vicinity of the work, so as to 
prevent their accidental incorporation therein. It is :jometimes allowable 
to use a certain number of bats or half brick in manholes; it is said that 
some engineers have required that brick for manholes be broken in two 
before laying, in order that the inner and outer surfaces of the masonry 
may conform more accurately to the true circular form. This practice 
is not considered good by some engineers, including the authors. Unless 
immediately required in the w'ork, brick delivered upon streets subject to 
traffic, should be neatly piled in suitable locations that they may not 
obstruct traffic and at the same time may l)e within a reasonable distance 
from the work. 

The method of passing the brick into the trench depends entirely 
upon local conditions, size of the work, depth of trench and congestion 
of working quarters. Brick are often lowered into the trench by hand, 
the load being made up of two parallel rows of brick 18 to 30 in. high., 



CONSTRUCTION OF BRICK AND BWCK SEWERS 363 


enclosed by the chain of a chain rope of suitable length. Such a rope is 
convenient for many uses about the trench. It is usually a 3/4«in. 
Manila rope provided with a hook at one end and a 1/4-in. twisted 
chain 7 ft. long at the other. In some cases, on large work where a 
derrick is available, the use of a skip may be desirable. The brick for 
a large Chicago sewer were wheeled to the side of the trench in wheel- 
barrows and delivered by tossing them, usually in pairs, from man to man 
located on a scaffolding. 

Before placing brick in the work they should be thoroughly wetted, 
otherwise they will absorb water from the mortar l>efore it has time to 
set. A sufficient numlwr of tenders should l)e provided so that the 
masons may not be kept waiting, and the brick and mortar should 
always be so placed that the masons can conveniently reach them, as the 
less labor required of the mason the more brick he should lay. 

Mortar. — Mortar for brick sew'ers is iwually mixed by hand in mortar 
boxes placed on the aide of the trench close to the work and is lowered to 
the masons in galvanized iron buckets, from a platform placed over the 
trench. 

Many apecification.s contain the provision that sand shall be clean, 
sharp and coarse. The idea that sand for concrete should be sharp, 
that i.s, luive angular grains, appears to have Ixjen due to several con- 
siderations, among which the following may l>e mentioned: Certain 
experimentH have indicated that mortar formed with crushed stone 
screening.s wa.s stronger than when formed with natural sand. Also 
sand which contains consi(ieral)le clay or organic matter or is extremely 
fine, all un(lesirai)l(‘ qualities, feels smooth as compared with a clean, 
coarsc' .sand. Furihf*r there i.s less inclination when mortar is mixed 
very wet, for sand of sharp angular, and well-graded grains to sink to 
the bottom of the ma.sa than is the case with smooth rounded grains of 
more or less uniform size. There is also some evidence that as originally 
used the word “.sharpnes.s” did not refer to the angularity of the grains 
but to the distinctively “sharp" sound given off when clean sand grains 
of quartz are rulilx'd together. As a matter of fact a given volume of 
sand with rounded grain.s contain.^ less voids than the same volume of 
angular grains of similar clutractcr. Screenings, nevertheless, are often 
so graded as to form a more denst^ and conse(}uently stronger mortar 
than some natural sands. In any case, what.ever virtue sharp sand may 
have, meaning sand with angular grains, is completely obscured by the 
matter of voids and density, the proper sand to use l)eing composed of 
such graded material, whether .sharp or otherwise, as to give a mortar of 
greatest density. The requirement as to cleanness and freedom from 
loam and clay is imjwrtant. Furthennore, if has come to he recognised 
as desirable to test the mortar made of the sand and cement it is pro- 
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posed to use, as it is 8omofinK*s found that mortar made by mixing ap- 
jjarently good sand and e(‘ment lacks strength or soundness. 

Brick Laying.— I’lie brick sliould be laid by shoving or forcing them 
into a full bed of mortar, forming full joints on all sides, at one operation. 
In the United States brick arc generally laid on the long and narrow 
side, with continuous longitudinal joints parallel to the axis of the 
sewer. This type of construction is known as the ‘^rowlock” bond, the 
only bond betweeti tht‘ inner and outer rings being that due to the ad- 
hesion of the cement in the joints. An interesting exception to the 
ordinary method of building sew(‘r antlies is that adopted at Cleveland 
in the construction of the Walworth Hun Sewer (V’olunie 1, p. 42S), 
which has been described as follows; 

“For greater strength, the hriek composing the arcli were arranged in 
alternate headers ami stretchers in Flemish bond, and, in order to avoid 
excessively thick mortar joints, as would be tlie case were the joints to con- 
tinue radially from mtrados to extrados, the masonry was broken up in 
cylindrical rings. . 'riie (uitire arch was also cut into a certain number 
of HCgmimts separated by radial planes. The brick comjmsing each segment 
included between these radial planes were laid up in rings, the inner and outer 
faces of which are parallel with the inner surface of the completed sewer. 
The radial ilistances between th(‘se parallel cylindrical surfaces are either 9, 
13 or 17 in. The number of courses required to build one of the.se cylindrical 
rings for any particular segment is one more than the number contained in 
the next inner ring, and one less than the number contained m the next 
outer ring. Ily this means mortar joints of ordinary thickness are obtained 
in all portions of the arch, even to the extrados. Tin* cylindrical surfaces 
BCparating the inner and outer rings of the segments are plastered smooth 
with Portland cement. The radial thickne.ss of each cvlindncal ring com- 
posing the suiierimposed .s(‘gments of masonry is adju.sted so a.s to break 
joint in adjoining .segments by at least 4 in. Thus the completed arch 
consists of brick in Flemish ina.sonry interlocked and bonded together by 
broken joints. 

“Apparently, this requirement would increase the cost of the masonry of 
the arch, but it was found by experience that as soon as the masons became 
familiar with the method of construction they plaml in the wall nearly as 
many brick per ilay as in a straight wall laid in Kngli.sh bond." (Walter 
Camp Parrnley, Trans. Am. Soc. C. E., vol. Iv, p. 358.) 

The longitudinal face joints should be made as narrow as practicable 
and usually will Ik* from 1/4 to 3/8 in. in thickness. The joints between 
the rings should also Iw made thin, not exceeding 1/2 in. unless it is 
desired to j^ut in a wide joint for the spticial purpose of preventing 
infiltration. The exterior of the arch is often covered with a plaster of 
cement mortar 12 in. in thickness. Centers used for the temporary 
support of the brickwork are often drawn as soon as the last of the key 
has been laid and the plastering completed. After the centers have been 
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removed the interior surface of the sewer should be cleaned and pointed 
as smooth as possible. In some c.ases one or two coats of cement wash 
have been applied to the inner surface for the purpose of reducing 
roughness. 

Where the trench is comjiosed of .suitable material, the bottom is 
trimmed to conform to the desired outside .surface of the invert masonry, 
and each brick laid directly on a bed of mortar placed on the bottom. 
Templates, commonly called “profiles” in the eastern part of the country, 
built and set as de.scril>ed in Chapter XV, “Forms and Centers,” are 
plac<‘d in positior) ami a nnuson’s line tight I}' drawn Ix'tween them, 
lirick are then laid in a single row in the center of the bottom of the invert 
for the full length of tin* section, about 12 ft. The several rows of brick 
are then laid on either side, care being taken to lay each brick accurately 
to line at tlie time it is slid into place. A skillful mason will rarely touch 
the brick after th(‘ joint is ma<l(*, and hammering a portion of the wall 
to bring it to line should be dwcouraged, a.s the adhesion of mortar to 
brick may 1 k‘ destroyed in this way. C\are should he taken to see that 
the outside ring of brick is well support'd by th(‘ bank. It frequently 
luipfien.s that the trench cainnot be excavated exiictly to the line of the 
proposed brickwork, in which case nnwons will often fill the space be- 
tween the brickwork and the bank wdth loose material insufficiently 
rammed. In fact it is very difficult to ram the material filling this space 
without injuring tin* grecui masonry. It H(‘ems probable that many of 
the cracks which luive been found in brick .sewers may l>e attributed 
to loose and improp(‘r filling between masonry and the solid bank of the 
trench, ('are should be taken in laying the arch rings to see that all 
joints are propi'rly filled and not unneces.sarily thick. The key should 
be laid by an exj>erienced ma.son wlio realizes the importance of tight 
joints and a well-fitting key pro[K}rly forced into place, that there 
may be no injury to nor failure of the arch when the centers are struck. 

After the first few courses in the invert are laid, it is wise to provide 
a few loo.se boards or plariLs upon which the nuisons and tenders may 
walk, thus protecting the green brickwork from injury, due to move- 
ment of the brick resulting in a lack of adhesion of mortar to the sur- 
face of the brick. Ui)on large sew'crs the invert may become so high 
that it will be necessary to provide a working platform for masons and 
tend(!r8. In building such platforms care should be taken to protect 
the green masonrj' from injury. 

In trenches in wet or loose material wdien the soil w'ill not maintain 
any given shape, the brickwork may be laid in a cradle. Such a cradle 
may be constructed of ribs cut to the shape of the outside of the invert, 
making, an allowance for the thickness of the planks which are to form 
the cradle proper. These ribs are set in the bottom of the trench at the 
proper elevation and 2-ia. planks are nailed to them, earth being carefully 
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tamped l)ehind each one as it is put in place. After the cradle is con- 
structed, the process of laying the brick is similar to that mentioned 
above. Where the trench is in unstable material the sewer may be 
constructed upon a concrete foundation laid directly upon the soil or 
upon a wooden platform, tliis part of the sewer being constructed ahead 
of the brickwork. In other cases, where the soil has little bearing 
power, it may be necc*ssary to construct the sewer on a pile platform 
as illustrated in Volume 1. 

The number of brick which a mason can lay in a given time depends 
to a considerable extent on the size of the sewer. This is because more 
time is required to lay the brick in the face or inner ring of the invert, 
where the brick should be laid accurately to line and tlie joints made 
as narrow as possible, than is needed for laying the brick in the other 
rings, which are relatively rough work. There is a similar although 
much less marked difference in the time rccjuired for laying the inner 
ring and the other rings of the arch. As the brick forming the arch are 
laid upon the centers, less time is required than where the brick are laid 
to line, as in the invert,. Where the sewer is small, the working space 
is sometimes so restricted that the mason is unable to work to the best 
advantage. Upon such sewers the proportion of face work is much 
greater than upon large sewers. Some very small sewers have been 
built of a single ring of brickwork, in which 100 per cent, of the masonry 
is face work. As the size increases, so that two rings are required, 
the proportion of face work is reduced 50 per cent., with a decrease in 
the care required and difficulty involved in laying the brick. 

In an inv(*.stigation for the Boston Finance Commission (Report 
Boston Finance (kunmlssion, vol. iii, 1909), it was found that on the 
contract work of the Massachusetts Metropolitan Sewerage Commis- 
sion, the number of brick laid per hour per mason varied from 384 on a 
sewer 13 ft. 0 in. by 11 ft. 3 in. to 1G5 per hour on a 36-in. circular 
section. There is, however, a great chanee for loss of time in this class 
of work, unless it is well systematized. F'or instance, in the investiga- 
tion mentioned, it was found that on certain large sewers built by day 
labor in the city of Boston, the number of brick laid per mason per hour 
averaged only about seventy. This appears to have been due largely to 
inability to keep the masons properly employed. It is extremely im- 
portant that the construction be so conducted as to provide ample work 
at all times for the masons, otherwise the cost of the masonry will be 
greatly increased. 

The nufliber of brick per cubic foot of masonry and the amount of 
mortar, etc., required for circular and egg-shaped sewers are given in 
Fig. 116 (by Geo. S. Pierson, Eng. News, May 17, 1900) and Table 58. 
The amounts of cement and sand required per cubic yard of plastic 
mortar are given in Table 59 from ‘^Concrete, Plain and Reinforced/' 
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by Taylor and Tliompson. This table is based on average results of a 
large number of actual experiments, but at best can be considered only 
approximate, as so much depends on the quality of cement, character of 
the sand and the amount of water used. 


Vsrticaf Okimeter 

Fia. 116.— Quantities for egg-shaped sewers. 

A considerable force is necessary for handling the materials for the 
masons. On a sewer at Denver, Colo. (Gillette's "Cost Data," p. 42), 
6 to 8 ft. in diameter, 18 brick layers were employed in three gangs, the 
total force amounting to 80 men equivalent to about 3-1/2 tellers 
per mason. Parts of this sewer were composed of three rings of brick- 
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work. In portions of the work where wet trench was encountered, 
the foundation and rough work of the invert were of concrete and stone 
masonry. Tlie rough invert was lined with a single ring of brick and 
the arch was composed of three rings of brick. 

Tahle 58. — Number of Brick per Foot of Sewer 

Size of brick, 2 X 3-1/2 X 7-1/2 in.; Face joints, 3/8 in.; Ring joints 
and plaster, 1/2 in. 

(G«orK»> S PiernotO 

I , EKK-ahaped sewers* 

(circular sewers ' . , . .11 . 

Diameter i (referred to vertJeal diameter) 




1 riiiR 

2 nriKH 1 

3 rings 

1 ritig 

2 rings 

3 rings 

2 ft. 

0 in. 

48 38 


' 


1 

40 

70 i 





2 ft. 

3 in. 

54 43 


' 



45 

79 ! 





2 ft. 

6 in 

GO 47 




1 

50 

88 i 





2 ft. 

9 in. 

G6 52 





55 

97 1 





3 ft. 

0 in. 

72 57 

IGI 

24 


1 

61 

06 

138 

23 



3 ft. 

3 in. 

78 01 

173 

34 


i 

66 

15 

148 

41 



3 ft. 

6 in. 

84 GG 

185 

43 


1 

71 

24 

158 

58 



3 ft. 

9 in. 

90 70 

197 

52 


.1 

76 

33 

168 

76 



4 ft. 

0 in. 

90 75 

209 

bl 


j 

81 

41 

178 

93 



4 ft. 

3 in. 


221 

70 , 





189 

11 



4 ft. 

6 in. 


233 

80 i 





199 

29 



4 ft. 

9 in. 


245 

89 





209 

46 



6 ft. 

0 in. 


257 

99 

411 

19 ! 



219 

64 

353 

65 

6 ft. 

3 in. 


270 

08 

429 

33 



229 

81 

368 

91 

6 ft. 

6 in. 


282 

18 

447 

47 1 



2.39 

99 

384 

18 

5 ft. 

9 in. 


294 

27 

465 

61 i 



i 250 

17 

399 

44 

6 ft. 

0 in 


300 

37 

483 

75 1 



! 260 

34 

414 

70 

6 ft. 

3 in 


; 318 

46 

501 

89 ' 



1 270 

52 

429 

96 

e ft. 

G in. 

1 

1 330 

56 

520 

03 ; 



1 280 

69 

445 

23 

6 ft. 

9 in. 

1 

! 

; 342 

65 

538 

17 I 



290 

87 

460 

49 

7 ft. 

0 in. 

1 

! 354 

75 

1 55G 

31 



301 

05 

475 

75 

7 ft. 

3 in. 

i 

1 

; 366 

84 

574 

46 ; 



311 

22 

491 

02 

7 ft. 

G in. 

I 

378 

94 

692 

60 1 



321 

.40 

506 

28 

7 ft. 

9 in 


i 391 

03 

610 

74 1 



331 

57 

521 

54 

8 ft. 

0 in. 


i 403 

13 

628 

88 ; 



341 

75 

536 

81 

8 ft. 

3 in. 

1 

1 415 

22 i 

647 

.02 ; 



351 

93 

552 

07 

8 ft. 

6 in. 

1 

427 

.32 

665 

16 
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.10 

567 

33 

8 ft. 

9 in. 

! 

1 439 

41 

683 

30 



j 372 

.28 

582 

59 

9 ft. 

0 in. 

; 

i 451 

51 

701 

45 



382 

45 

597 

86 


I Proportions as shown on Fik. 110. 

The numlxjr of men j)er mason depends, of course, largely on the 
working conditions. If they are such that material can be delivered 
close to the trench, at the points required, the number of men may be 
reduced considerably. The size and character of the brickwork also 
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Tablb 59 .-V 0 LOM 1 ; OF Plastic Mortar and Qdantitibs of Material* 
PER CiTBic Yard 

(Reprinted by permi«ion from "Concrete. Plain and Reinforeed.” »«»ond edition, 
Taylor A Thompson) 


I Cubic feet of compacted plastic j 

Relative ^ mortar | 

proportions j From 1 cu ft | From 1 bbl j 

by [ cement cement \ 

volume' Based oti Portland Baw'd on barrel. 

cement aeiKhitid containing [ 


Materials for I cu yd compact 
plastic mortar basiMl on barrvIM 


I 


0 

i 

1 

1} 


■ o 


0 9;i ().8() O.HO 

1 12 l.ori 1 02 
1.4H 1.42 l.:iH 
1.84 1.78 1.74 


3.5 cu ft 3.8 cu. ft 


II' 


H g 1 

(2 i' 


S i * 

a s 

(S t 


bbl yd I bbl yd I bbl t yd 

3.2 3.2 3.2 8.31 8.31 . (8.31 

3 9 4.0 4.1 6 92 0.46 0.73 0.47 6.610.49 

5.2 5 4 5.5 5.22 0.68 5.01 0.71 4.88 0.72 

6 4 6.7 7.0 4.20 0.81 4.00 0.84| 3.87 0.86 


2 2 20 2.14 2.11 7 7 8.1 8.4 3.51 0.91 3.32 0.93: 

2J 2.56 2,50 2 47 9 0 9.5 9.9 3.01 0.98 2.84 l.(X) 

3 2 92 2 86 2.8.3 10 2 10 9 11.3 2.64 1.03 2.48 1.05 

3J 3.28 3.23 3.19 11.5 12.2 12.8 2.35 1.06 2.20 1.08 


3.21 0.961 
2.74! 1.01 
2.39 1.06 
2.12 1.10 


4 , 3.64 3 59 3.55 12.8 13 6 14.2 2.12 1.10 1.98 

41 I 4 01 3 95 3.91 14.0 1.5.0 1,5.6 1.92 1.12 1.80 

5 I 4 37 4 31 4.28 1,5.3 16.4 17 1 1.77 1.15 1.6,5 

5J 4.73 4.67 4.64 16.6 17.7 18.5 1.63 1.16 1.52 

6 i 5.09 5.03 5.00 17.8 19.1 20.0 l.,52 l.is' 1.41' 

6i 5.45 5..39 ,5..36 19.1 20.5 21.4 1.41 1.19 1.32! 

7 I 5.81 5 76 ,5.72 20.3 21.9 22.9 1.33 1.21 1.23 

7j J 6.18 6 13 6.08 21.6 23.2 24.3 1 25 1.21 1.16 

8 6.54 6 48 6 44 22.9 24.6 25.8 1.18 1.22 1 10 


1.11 1 
1.14 1 
1.16 

1.18 1 

! 

1.19 1 

1.21 I 
1.21 1 

1.22 1 
1.24 1 


90 1.13 
.72 1.161 
.58 1.17 
.46 1.19 

i j 

.36; 1.20| 
.26 1.21 
.18 1.22j 
ll! 1.23| 
06 1.24 


‘Cement as packi>d by manufacturer, sand loose 
*Use these columns ordinarily. 

iVoff.— Variutioiw in the fineness of the sand and the cement, and in the 
consistency of the mortar may affect the values by 10 per cent, in either 
direction. 


have a considerable influence. On small sewers, where the brick masons 
cannot work as rapidly or to as great advantage as on large work, the 
number of men required to keep them busy is smaller than in other cases. 
Even on small sewers, however, a force of from 2 to 3 men per mason, 
is required. At Cleveland {Erti/, Rec,, April 8, 1905), on a sewer 12 
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to 13-1/2 ft. in diameter, 2 masons and 6 laborers were employed in 
laying a double-ring brick lining on the bottom. 

Rate of Progress.— 'The rate of progress in the construction of brick 
sewers generally depends more largely upon the practicable rate of 
progress oi excavation than upon that of constructing the masonry. 
Dkregarding the progress of excavation, however, the rate of progress 
of nniasonry construction i.s limited in small sewers by the working space, 
and in lui.'^e sewers by the economic problem of handling large quan- 
tities of mai^rials, largely by hand within a limited space. For instance, 
on a 7-ft. seuer at (lary, Ind., about 00 ft. wore built daily. This in- 
volved the employment of about 75 men for liandling upward of 100 tons 
of material within a limited space. For smaller sowers, say 3 to 4 ft. in 
diameter, 3 masons are about a** that can work to advantage on one 
section, A 4-ft. circular sc^wer built -^f two rings of brickwork, the 
brick being each 2 X 3-1/2 X 7-1/2 in., requires 209.61 brick per foot 
(see Table 5S). If each of the masons lays on the average 2500 brick 
per day, 3 can build about 36 ft. of sewer pair day. 

Cost of Brick Sewers. — The cost of brick sewers depends on a number 
of loc.al factors sunounding the work, such as accessibility and re- 
stricted working space as well as upon the length of day, prices of labor 
and materials and efficiency of the force. Given certain assumed figures 
the cost of brickwork may be estimated as follows: 

Assuming that each mason will lay 2500 brick per day of 8 hours, 
that 3 laborers will be required per mason for mixing mortar, handling 
brick, and moving centers; that there are 500 brick per cubic yard of 
masonry; that the amount of 1 :2 mortar required is 0.3 cu. yd. per cubic 
yard of masonry requiring approximately 1 bbl. of cement and 0.28 
cu. yd. of .sand; and that the day’s work of 1 mason will amount to 5 
cu. yd., the cost of this 5 cu. yd. will be as follows: 


1 mason at $6.00 . 

$6 (X) 

3 laborers iit $2.(X). 

6 00 

2500 brick at $9.00 per M 

22 50 

5 bbl. wment at $1.80. ... 

9 00 

1.4 cu. yd. sand at $1.00 

1 40 

Centers nt ?0.05 per cu. yd . . 

0 25 


$45 15 

Supervision, lumber and Umls, 15 per cent. . 

6 77 


$51.92 


This is alK)Ut $10.40 })er cubic yard, or $20.80 per 1000 brick laid. 
If such work was done by contract, add 15 to 20 per cent, profit, making 
about $12 per cubic yard, equivalent to $24 per 1000 brick laid. The 
COB*, of brickwork in sewers is in general between 110 and $14 per cubic 
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yard (equivalent to $20 to 128 |icr 1000 brick), and is greater in amall 
than in large Bewers. 

VITRIFIED BLOCK SEWERS 


A vitrified sewer block was put on the market in 1911 by the Ame^ 
can Sewer Pij;)e Co. for use in the construction of sewers from 30 ♦rrltfe 
in. in diameter. Fig. 1 17 shows such a sewer under construrtioi^ The 
advantages claimed for it are that the material is salt gh^d vitrified 
clay, and therefore the sewer will have a hardjj!W.v»ricii inwor surface; 
the blocks are large, thus limiting the'nltlfiTicr of tr9,«,i*;/rsc and longi- 
tudinal joints; the blocks are quickly and ca.vily<liaid and backfilling 
can follow immediately after the completu^^uthe barrel of the sewer, 
thus making it possilile to prow>cj^^:rf3«4htTw'o with a relatively short 
open trench. One of the obj*i^>ns to the llocks appears to be the 
difficulty of making water-tight 
end joints. If the blocks are so 
laid as to allow the bottom 
ojMjnings to serve as subdrains, 
which is claim(‘d as one of the 
advantages of this type of con- 
struction, it is difficult to make 
a water-tight end joint, and un- 
less special care is taken thew* 
joints will not be water-tight. 

I.«8H difficulty attends the mak- 
ing of the longitudinal joints 
water-tight, because of the length 
of surface which is in contact 
with the mortar, and Ixjcause of 

th.- dovctail<Ki offset. The sides HT.-Vitrified block *;wer. 

of the blocks are scratched, or 
corrugated, to assist in forming a tight joint. 

The blocks are made in three types, A for sewers 84 to 108 in. in diame- 
ter inclusive, B for sewers 48 to 78 in. and C for sewers 24 to 45 in. 
They are shown in Fig. 1 IS and in Table 60 the dimensions of tyjies B 
and C are given. The end overhang of the outer part of the block over 
the inner part is 1~1 /2 in. in all sizes. The price of the blocks in 1913 was 
$9 per ton net at the factory at Akron. Branch blocks are made to 
facilitate the connection of lateral and house sewers. 

The blocks are laid to line and grade in the invert with the aid of 
templates like those used in building brick sewers. The arch blocks 
can be laid on centers like brick, but the American Sewer Pipe Co. 


Fio. 117.— Vitrified block sewer. 


leases a special center for this purpose. The planks forming the lagging 
are moved in and out by an eccentric motion when a handle is turned, 
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the continuouB longitudinal joints coming on the planks. Centers are 
supplied for each size of sewer. The transverse joints are broken. 

Table 60 . — Dimensions of Vitrified Segment Sewer Block 


(Ainerioan Sewer Pipe Co ) 



iVo(e,— The dimensions in this lalile tire only approximate, as some of 
them wore scaled from blue prints and all are subject to variation, as the 
dies of the block nuichines become worn. 



Type A 



Type B. 



Fio. 118 . Types, of vitrified blocks for sewers 

CONCRETE BLOCK SEWERS 

Cast co^rete blocks have been used to some extent in the construc- 
tion of sewws. This method of construction has been developed largely 
efforts of Walter C. Parmley, who holdi certain patents 
portions of his process of manufacture. Mr. Parmley states 
hiB system of construction consists principally in placing the tfania* 






Fio. 122. — Mixer with charger (Koehring). 
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verse reinforcement so as to follow the regions of tension throughout 
the arch or ring, together with various other transvave and longitudinal 
bars so combined as to give effective reinforcement for both primaiy 
and secondary stresses. These various arrangements of bars are also 
combined with specially molded concrete blocks so as to make a struc- 
ture, built up in place, of unit pieces or interlocking sections and emb(^-, 
ding an effective steel reinforcement skeleton. The segmentaj l^iock 
construction has been used for circular sewers from 18 to Ta) in. in 
diameter and for egg-shaped sewers up to 56 X 84 in. in siv- 

Mr. Parmlcy claims the following advantft*^:^^ from t.’»e use of his 
system: 1. The most efficient placing of steel in the tensional 
regions of the intrados are anchored against tb-c^^f the extrados of 
the arch. 2. Efficient reinforcement witl^ iSnimum quantity of steel. 
3. In construction with segmentjjMdorfsthei^ighcst quality of manu- 
factured concrete, with reselling impendjusness. 4. I^acticability 
of laying segments in water and allowing water to pass at once over 
inverts constructed of them. 5. Practicability of backfiUing trenches 
immediately after com[)letion of segmental block sewers. 6. Blocks 
can be laid without centering, or with only skeleton templates for sup- 
port, the same to l)e immediately removed after the key block has been 
placed. 7. Segmental blocks can be easily placed in tunnels. Another 
advantage of block construction is the rapidity with which the sewer can 
be laid. There is no delay due to the difficulties in placing concrete or 
to the time required for the setting of concrete before the load can be 
applied or the forms removed. 

The number of blocks required for a complete ring of sewer 12 in. in 
length varies with the size, from four to fourteen. The thickness of 
blocks, quantity of concrete, the quantity and size of steel, and the weight 
of each ring per linear foot, for the several sizes, are given in Table 61. 
The heaviest block used weighs 180 lb. and is required for the construc- 
tion of a sewer 48 in. in diameter. The usual weigh, t of block varies 
from 100 to 125 lb. The invert blocks are laid end to end without any 
special rabbet or other provision for jointing. After the blocks are laid, 
grout is poured into the joints until they are completely fdled. 

The concrete blocks are cast in cast-iron molds. The concrete may l)e 
made either wet or dry, according to the wishes of the engineer; it is 
more common at the present time to use a w’et mixture containing all the 
water the concrete will hold without quaking. Fig. 119 shows a con- 
crete block sew’cr under coustmetion, the invert blocks alone being 
laid in the foreground, the side blocks are placed in the middle distance, 
and in the background the arch is in place on a special type of center 
used with these blocks. This form of construction is used for lining 
tunnels and building manholes, and can be employed where the upper 
part of the trench must be kept so narrow that at the bottom the banks 
must be undercut in order to place the side blocks in position. 



Table 61 . — Concrete Block Sewer I 

(Parml^y System) 


9tt4 


AMERICAN SEWERAGE PRAC 



CONSTRUCTION OF BRICK AND BLOCK SEWSRS 3«5 


It is claimed that little labor is required for handling and placing the 
blocks. Upon the construction of a 72-in. sewer, in tunnel, in Toledo, 
Ohio, the masonry gang consisted of only three men, a mason, a helper 
and a man to bring the blocks and nmrtar from the foot of the shaft to 
the heading. From 20 to 25 lin. ft. of sewer were constructed by this 
gang in an 8-hour shift. The proprietor of this protiess will act either so 
manufacturer of the blooks delivering them to the contractor, or as 
patentee, conveying to the contractor the right to make the blocks for 
the work in hand. 

CONSTRUCTION OF MANHOLES 

Where 8-in work ivS used, the brick may be laid a,s headers with the 
long sides forming radial joints, or in common l)ond with wveral courses 
forming double rows of Htret(‘licr^‘ lo be followed by a course of headers 
laid with the long sides making radial joints. In manholes recpiiring 12 
in. of brickwork, the bond is complicated by the fact that if the joints 
are made radial the outer portion will l>ecome very wide. This may bo 
obviated by laying the outer rings with ordinary 3/ H-or 1/2-in. joints 
and introducing .stretchers or headers, as the oiise may be, when the 
opimrtunity ofTer.s, tilling in the gajKs w'ith broken or half brick. 

A good ma.s()n can lay the brick by eye so as to conform with accuracy 
to the presrrified line. On small sewers the pipe are usually left out 
where manholes ar(‘ to be built. A foundation of concrete or brick is 
first laid up to the invert of the sewer, which is then formed either with 
brick, concrete or a .split tile of the same dianuder as the sewer. The 
shapes of the fluoi.s differ .somewhat, and illustrations of a number will 
be found in V olume 1 under Manholes. 

Oreat care should be taken in the construction of manholes to have 
all joints in the brickwork well filled wdth mortar. A fruitful source 
of leakage is the joints around the pipes entering the manhole. These 
should be filled and where possible the hub of the j)ii)C should be laid 
in the masonr>'. forming a cut-off. 

By the iwe of Table 62 the quantity of brickwork in a 3 X 4-ft. 
oval or 4-ft. circular manhole can Isi readily calculated. The cost of 
brick manholes may be analyzed in the same way as the cost of brick 
sewers. Many masons cannot lay as many brick in manholes as in large 
sewers, although an exiK*ricn«;d rapid mason may accomplish nearly 
as much. There is no exixjnse for providing and handling forms. 

A manhole, having a depth of 10 ft. with a dome of 3 ft,, would, 
according to Table 62, require about 2.26 -f- 0.83 -f 0.35 «= 3.44 cu. yd. 
of masonry. This will co.st, at 110.40 per cu. y<I., $35.80; the cover 
will cost 18., and 8 steps at 20 cents will be Il.tK), making a total of 
$45.40., Brick manholes without covers will cost from $3.50 to $4 per 
foot to depths of 12 ft., and from $4 to $6 per foot for greater depths. 
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CONSTRUCTION OF CONCRETE SEWERS 

Until about IfKX), largo sowers won* generally constructed of brick, 
although concrete was used to a limited extent, particularly in Washing- 
ton, D. C. Since HKK), the use of brick masonry luis gradually given way 
to that of concrete, until at the present time sewers are commonly built 
of concrete, although it is by no means the only material used. At 
first concrete and brick masonry were frecpiently combined; the concrete 
was used for tlie foundation of brick sewers or for reinforcing or 
backing up brick arches; inviTts w(‘re built of concrete and the arches 
of brick, or inverts of brick and arches of concretis or the structure in 
part or in whole was built of compete and lined with brick. Ucccntly 
extensive systems of large sewers liave been built almost exclusively of 
concrete. 

In a broad way the cau.ses for this change are similar to those which 
have op(‘rated to increase the use of concrete for all construction work, 
(rreater production luis lcs.s(‘ned the cost of Portland cement, while the 
rising e.o.st of and difficulties with mason and other labor have also 
tended to increase the use of concrete. With this increased use, improved 
machinery and ajipliances for mixing and placing the concrete liave been 
provided, which have proved a factor of con.siderable imfwrtance in 
building large sevvijns. Concrete pos.sesses some advantages over brick- 
w’ork under most conditions, and other lulvantages under special con- 
ditions. Likowi.se bric.kwork possesses certain advantages over concrete 
under many conditions and certain advantages under spticial conditions. 

Some of the advantages pos.sc.ssed by concrete may be briefly discussed. 
With good workmanship it Is generally possible to secure a smoother 
inner surface than with brickwork, although where the latter is used 
much can Ik? accomplished in tliis direction by carefully pointing the 
joints and waslung the inner surface with one or two coats of Portland 
cement grout. Some engineers feel that the increased carrjdng capacity 
of a well-built concrete sewer, due to smoothness, is enough greater than 
that of a brick sewer to warrant a slight reduction in size, thus tending 
to reduce the cost by the use of concrete. 

Under many conditions a concrete sewer can be built at less cost per 
cubic 3^ard of masonry than a brick sewer. Perhaps one of the most 
important advantages of concrete over brickwork is due to the fact that 
its thickness can be varied gradually so as to provide the neoessaty 
367 
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thickness of wall at all points, and prevent unnecessary thickness at 
any, thus greatly rcduciiig the (piantity of masonry required for the 
structure. That concrete can he readily reinforced with steel fabric or 
bars is also an important advantage. The fact that machinery and 
appliances can be had for mixing and placing concrete makes its use 
particularly advantageous upon large .sewers, and the fact that little 
skilled labor is reejuired makes its use advantageous upon both large 
and small sewers. 

While concrete has not been used upon sewer construction for a 
sufficiently long time to warrant final conclusions as to its durability, 
the evidence at hand indicates that the life of well-made concrete will be 
equal to that of ordinary brickwork. 

It has been nuiintained l)y some engineers that it is easier to coiLstruct 
a practically impervious sewer of brick than of concrete, because of the 
opportunities of breaking joints and of well filling the joints between the 
rings of brick. This opinion is not heard so frequently now that the 
use of concrete has b(‘C(>me more gtmeral, and it is probable that with an 
equal amount of care the concret(^ sewer can be made at least equally 
imiHTvious to inhltration. Distinct advantages in the use of brickwork 
lie in the facts that it can be built in short s(‘ctions; that the centers and 
forms may is* nunoved alrno.st immediately after tlie brickwork has been 
placed; and that it is not necessary to keep long sections of the trench 
op(!n for considerable periods of time, which is the ease where the 
sewer is to be built of concrete. In re.stricted tnmehes where it is 
necessary to put in short stndions from time to time, brickwork generally 
poss(isses a distinct advantage. 

The d(‘(‘ision between the use of concrete and of brick masonry depends 
largely upon local conditions, the cliaracter of workmanship which can 
be secured, tlie quality and cost of brick and other materials available, 
the price to be paid for masoius and other labor, the size of the structure 
to be built, and the necessity of working in very short sections. All of 
these conditions and many other facts should be taken into consideration 
l^efore deciding which material to use. 

Inverts. — Upon relatively steep grade.s, and especially where sand and 
gravel are likely to find their way into the sewer, ordinary brickwork is 
subject to erosion. Concrete api)ears to be subject to about the same 
wear, but perhaps is not quite 90 easily repaired as the brick invert, a 
single course of wliieh can be removed and relaid with comparative 
ease. The removal of a definite imrtion of the concrete invert is a 
matter of considerable difficulty. In some case.s, however, brick inverts 
have been ifpaireti with concrete instead of relaying the inner ring of 
biiek. 

For reasons stated in Volume I, under conditions of high velocity, say 
in excess of 8 ft. per second, and w here the sewers carr>' a considerable 
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amount of abraaive material, concrete and ordinary brick inverts must 
be expected to show considerable wear in the course of 15 to 30 years. 
Under such conditions vitrified brick may be used to advantage for 
lining the invert. 

Disintegration of Concrete by Chemical Action.— -At a number of 
places in Europe and America concrete as well as brick sewers have 
disintegrated, sometimes to an extent requiring reconstruction. Con- 
crete, being of a calcarious nature, is affected by acids, some of which 
may be discharged from industrial! establish ment-s like wire drawing and 
pickling works, or they may l)e formed* indirectly by the decomposition 
of sewage, during which i)roc.<‘88 hydrogen sulphide may bo gencrat:)d 
and given off into the air in the sewer, where it comes in intimate con- 
tact with th(‘ concrete. While dry hydrogen sulphide gas does not ap- 
pear to attack concrete, it is easily oxidized to sulphuric acid, which has 
a vcr>' deleterious action. Such action would be equally injurious to 
the mortar in the joints of brickwork, but brick masonry^ jwssesses some 
advantage over conen'te in that these joints, if taken early, can l)e raked 
out and repoint<‘d, a proc(‘ss which is not readily applicable to a concrete 
ar(*h, repairs to which must be more extensive and made at considerably 
greater cost. 

At liOs Angeles, Cal., an outfall sc^wer was built in 1895, jwrtions 
consisting of wood-stave pqn*, of brick and of brick and concrete, The 
line included two long in\erted siphons and a tunnel. Soon after con- 
struction it was noticed that disintegration of the mortar of the brick- 
work was taking place. This action was most noticeable near the 
outlet of the invened siphons and at another |)oint where the sewage 
dropi>ed some 12 ft., thus allowing the liberation of large (luantities of 
gases. 

Under normal conditions the sewage occupied many hours in travers- 
ing the inverted siphon and on emerging was in a septic condition. 
Investigations by Homer Hamlin, then Chief Deputy and later City 
Engineer {Eng. News, Nov. 8, UKX)), indicated that the dcistructive 
agent was sulphuric acid created by the oxidation of hydrogen sulphide 
gas, formed by the putrefiicticm of organic matter in the sewage and lib- 
erated from it. The gas(v were absorbed by drojw of condensation 
hanging from the arch, and the acid thus came in intimate contact with 
the masonry. Thus sulphuric acid uttackwl the cement, forming com- 
pounds w hich crystallized in the jwres «*f the cement with great expansive 
force, causing disintegration similar to that due to freezing. Analyses 
of drops of water attached to the surface of the masonry showed them to 
be strongly acid. Some of the structures connected with this line had to 
be rebuilt and some years afterward the whole line was reconstructed 
in a new location, althougli disintegration of the masonry was only one 
of the factors which resulted in the new construction. 
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Similar effects have been noticed in some septic tanks constructed of 
concrete, the most severe action taking place near the flow line of the 
sewage. 

At Great Falls, Mont., a sewer constructed of Portland concrete pipe 
showed so much deterioration after a short period of service as to 
necessitate reconstruction of certain portions (Trans. Am. Soc. C. E., 
vol. Ixiii). It appears that here, instead of being due to any effect 
of sewage or giis, the disintegration was caused by strongly alkaline 
water surrounding the outsich* and percolating through the wall of the 
sewer. The action was similar to that not{‘d in other jdaces where water 
containing large (]uantiti(*s of sulphates is encountered, such as sea 
water or water from arid regions, and re.sultcd in disintegration by the 
formation of compounds accomj)anied by expansion in the pores of the 
concrete. 

This deterioration is by no means universal, even when conditions 
apparently similar to the above arc encountered, and is less when the 
concrete is dense, thus j)reventing the entrance of chemically laden 
moisture into the body of the masonry. In fact, the l>est precautions 
which are apparent at the present time for pre^’enting deterioration 
apj)ear to be the use of dense mixtures, waterproofing compounds, or 
coatings which jinwent water from i)cnetrating beyond the surface 
()f the concrete. Attempts have been made to attack the problem from 
a chemical standpoint, particularly in France, where some of the cement 
companies have been more or less successful in producing a “non- 
decomposable ” cement. This has been largely done by reducing so 
far tui possible the percentage of alumina in the cement, as it is to the 
alumina compounds formed by the chemical action of the sulphates in 
the water that the expansion and consequent disintegration apjKjar 
to l>e largely due. The lime in the cement is also involved in the action 
and attempts have been made to neutralize its effects by mixing with 
the cement material which will combine with the free lime and form 
insoluble com|>ounds. 

This action is not confined to mortar and concrete alone but brick, 
underburned clay tile, and even stone have been attacked by alkaline 
waters. In the case of septic sewage accompanied by the evolution of 
hydrogen sulpliidc gas, the action seems to be more energetic when 
the water contains quantities of mineral sulphates, the production of 
hydrogen sulphide alone from organic compounds being insufficient to 
produce serious results in most cases. 

It is probable that the injurious effect of gases upon concrete and 
mortar wilfbe more evident in warm climates, because of the more vigor- 
ous decomposition going on in the sewage and the deijosite from it. 
Tbt following opinion of E. P, Richards, City Engineer’s office, Madras, 
India, is pertinent: 
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I should like to add a warning on this danger. We 

have a number of small (X)nerete pipe drains and sewers in Madras, mostly 
6-in., 9-in., and 12-in. diameter. They have been laid some seven or eight 
years, and are now found in many plaoes to be twiroded very badly indeed. 
The disintegration in every ca.se is internal, and in the soffit. In some 
pipes scarcely any thickness is left, and collapse is taking place. •The 
sewage has a high tcmi>oraturo here, and decomposes rapidly; and these 
sewers have never been ventilatwl properly. The pijKiH themselves appear 
to be of quite good hard «»ncrete, and the inverts are usually as good as 
new. We attribute the corrosion to sewer gas” {Suri'eyor^ Apr. 5, 1912, 
p. 539). 

Finally it may be stated that great quantities of concrete have been 
and are being usetl with satisfactory' results, even in places where, 
according to the i.solated ca.ses noted, disintegration might be expected. 
The conditions likely to produce disintegration of the concrete or of the 
cement mort ar m th(‘ brick joints are the pr(*sence of deleterious chem- 
icals, jxirosity of the concrete or mortar, bad ventilation, strength and 
fitaleneas of the sewage, fro.st iwtion, and the prt'sence of salt or alkaline 
water coupled with tlie conditions .stated. No definite conclusions 
can be drawn, Imt in locations where disintegration is considered 
po.s.sible, concrete should be u-sed with caution and steps should be 
taken to minimize any possible .st^rious results. 

Use of Materials Excavated from Trench.— In some localities much 
of the sand and gravel for constructing concrete sewers may be obtained 
from the trench itself. In a few ca.se8 the sand and gravel excavated 
have been of such (piality and so graded that they were used without 
screening. It is (iuit(? unusual, however, to find the combination such 
that the requisite proportions of each can be obtained without an undue 
amount of screening. Hand generally predominates to such an extent 
that it is cheaper to trans|)ort the gravel from a distance rather than 
screen the large amount of material necessary to obtain it directly from 
the trench. 

In the construction of the Bronx Valley sewer {Eng, Rec., Oct. 22, 
1910) part of the sand was obtainwl from the trench but required wash- 
ing before use. This was accomplished in a box 14 ft. long, 14 in. wide 
and with a depth varying from zero to 4 ft. A weir was cut in one 
side near the top, for the discharge of dirty water and fine material. 
A l2-in. |)erforated pipe was laid on the sloping bottom for about half 
the length of th(! lx)x, through which water flowed for agitating and wash- 
ing the material. 

When the trench is through rook it may Ije economical upon large 
work, where the demand for stone is great, to install a rock crusher and 
screens* for manufacturing the concrete aggregate. In building a 
large sewer 3000 ft. long, in St. Louis (Eng. Newn, July 30, 1908), the 
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contractors installed a No. 3 Gates crusher with a conveyor for elevating 
the stone to screens from which it dropped into bins. This plant was 
placed near a railroad siding where sand and cement were received 
and where the concrete mixer was located. Materials were conveyed 
to and from the work by means of an industrial railway. 

This pieex? of work was a very large one, involving a great amount of 
materials to be delivered within a distance economically and practically 
reached from a i)ermancnt plant. Portable outfits are, however, 
available for smaller work. In. the construction of the Bronx Valley 
sewer, mentioned above, portable Climax crushers, elevators and bin 
wagons were; us('d and were moved from place to jdacc where rock was 
being excavated from the trench. 

Quantities of Sand, Stone and Cement. — As in the case of mortar the 
quantities of ingredients re(iuired per unit volume of concrete depend 
on the charactiT of the sand and stone, the i>ercentage of voids and the 
density as affected by the proportions of particles of different sizes in the 
mixture. The general laws relating to volumes and voids are thus stated 
by Taylor and Thompson in their “Concrete, Plain and Reinforced,'' 
second edition, page KiO; 

“(1) A mass of equal spheres, if symmetrically piled in the theoretically 
most compact manner, would have 26 per cent, voids whatever the size of 
the spheres, hut hy experiment it is found that it is practically impossible 
to get below 44 per cent, voids. 

“(2) If a dry material having grain.s of uniform shape be separated by 
screens into grams of uniform dimensions, the separated sizes (except when 
finer than will pa.ss a No. 74 screen) will contain approximately equal per- 
centages of voids; in other words, a dry substance consisting of large 
particles, all of similar size and shape, will contain practically the same 
peroentago of voids as a substance having grains of the same shape but of 
uniformly smaller size. 

“ (3) In any material the largest percentage of voids occurs with grains of 
uniform size, and the smallest p<Tcentage of voids with a mixture of sizes 
so graded that the voids of each size are filled with the largest particles that 
will enter them. 

“(4) An aggregate <H)nsisting of a mixture of coarse stones and sand has 
greater density — that is, contains a smaller |>ercentage of voids — than the 
sand alone. 

“ (6) By Fuller and Thompson’s experiments, perfect gradation of sizes 
of the aggregate apjwars to occur when the |)ercentages of the mixed aggre- 
gate passing different sizes of sieves are defined by a cun^e which approaches 
a combination of an ellijise and straiglit line. 

“(6) Miiferials with round grains, such as gravel, contain fewer voids 
than materials with angular grains, such as broken stone, even though the 
particles in both may have passed through and been caught by the same 
screens. 

(7) The mixture of a small amount of water with dry sand increases 
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its bulk. In the case of most bank sands the maximum volume — and benoe 
the smallest amount of solid matter per unit of volume, that is, the largest 
percentage of absolute voids — is reached with from S to 8 per cent, of 
water.” 

In practice the effort is to obtain, so far as practicable, both for 
strength and impermeability, the densest mixture possible. The beet 
experimental work on this subject has been done by W. B. Fuller and 
Sanford E. Thomi>8on (Trans. Am. Soc. C. E., vol. lix, and Taylor and 
Thompson, “Concrete, Plain and Reinforced, “ to which the reader is 
referr(^d). 

Fuller gives detailed directions for analyzing aggregates by screening 
into different sizes, making anal>'se8 of thcjm* different sizes and com- 
bining, by the aid of curves plotted from the analyses, the different 
materials in 8U(*h profmrtions as to obtain a curve of masamum density. 
It is usually impracticable to screen the aggrogaUw into many sizes for 
the pur|K>sc of recoml)ining them in proi>er pro|)ortions, but often by 
screening to three or even two sizes, combinations can l>e made to 
fit the theoretical mixture surprisingly well. If the particular sand and 
gravel to be us('d are already deiennined, Fuller giv(*s the following 
method of proportioning by trial mixtures. 

“Having determined the particular sand and stone which are to be used 
on any piece of work, a 8iniy)le and accurate way of determining proportions 
is by actual trial batches of fresh material. For this it is only necessary to 
liave go(Kl scales and a atr<mg and rigid cylinder, say, a piece of 10-in. 
wrought-iron pijH* capf>ed at one end. Carefully weigh out and mix to- 
gether on a pie(;c of sheet steel or other non-absorbent material all the 
ingreiheuts, having the consistency the same as is intended to l>e used in 
the work. Place thew' in the pipe, carefully tamping all the time, and note 
the height to whicli the pipe is filled. Weigh the pipe before filling and after 
lieing filled, thus checking the weight of material mixed. Throw this 
material away before it has time to set, and clean the pipe. Make up 
another batch, using the same weights of cement and water and the same 
total weight of sand and stone, but have the ratio of weights of the sand 
and stone slightly different from the first. Note whether, after placing, the 
height in the cylinder is less or more than was the height of the first batch, 
and this will be a guide to further similar mixes, until a proportion is found 
which gives the least height in the cylinder, and at the same time works well 
while mixing and looks well in the cylinder, all the stones l>eing covered 
with mortar. This method, if carefully followed, will give very accurate 
results, but of course does not indicate, as does mechanical analysis, what 
other changes can be made in the physical sizes of the sand and stones so 
as to get the best available composition.” 

To what extent it is economical to go in the proper separation and 
combining of aggregates is, of course, impossible to determine ex- 
cept by a consideration of local conditions. It may be stated, how- 
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ever, that under certain conditions j>crfect grading of the mixture may 
result in saving 1 /2 bbl. or more of cement per cubic yard of concrete, 
and equal strength will be attained. 

Methods involving the determination of voids by running water into 
the aggregates give erroneous results and are no more accurate than the 
arbitrary selection of proportions such as 1 : 2 : 4 or 1 13:6 parts of cement, 
sand and stone resi>ectively. This method is based on the theory that 
the voids in the stone will amount on an average to 50 per cent., 
and that the amount of mortar should be slightly in excess of this 50 
per cent. The general laws governing the relations of the various 
constituents are thus summarized by Taylor and Thompson: 

“The strcngtli and density of concrete are affected hut slightly, if at all, 
by decreasing tlie (piantity of the medium size stone of the aggregate and 
increasing the quantity of the coarsest stone. .An ex(5e.ss of stone of medium 
size, on the other hand, appreoiahly decreases the density and strength of 
the concrete. 

“The strength and density of concrete are affected by the variation in 
the diameter of the jiartides of sand more than by variation in the diameters 
of the stone particles. 

“An exi^ess of fine or of medium .sand ilecreases tin* density of th(‘ mixture, 
but increa.ses the strength, although in a slightly smaller ratio than the 
increase in tlie ratio of cement. 

“The substitution of cenumt for fine sand does not affect the den.sity 
of the mixture but increases the strength, although in a slightly smaller 
ratio than the increa.se in the ratio of cement. 

“It follows from the foregoing conclusions that the correct proportioning 
of concrete for strength (xmsists in finding, with any jiercentage of ctuuent, 
a concrete mixture of maximum density, and increasing or decreasing the 
cement by substituting it for the fine particles in tlie sand or vice versa.^ 

“In ordinary proportioning with a given sand and stone and a given per- 
centage of eeiiHuit, the densest luid strongest mi.xture is attained when the 
volume of the mixturt* of sand, cement and water is so small as just to fill 
the voids in the stone. In othiT words, in practical construction, use as 
small a jiroportion of sand and as large a proportion of stone as is possible 
without producing visible voids in the concrete.” 

As indicating the amounts of materials necessary for concrete, under 
averiige conditions usually obtaining in sewer work, Table ()3 is taken 
from a table in “Concrete, Plain and Reinforced,” by Taylor and 
Thompson: 

Mixing Concrete by Hand. — Concrete may lie mixed by hand or by 
one of the various tyiies of machine mixers. Tiie relative economy in 
cost of th? two can only be decided by a consideration of the size of, 
and conditions surrounding, the work. On small sewers the necessity 

1 Tbit T«ry impottuit law requires further testa fur confirmation outside of the limits ut 
iba preaent t«au. 
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of frequent changes in the location of the mixer generally precludes the 
use of charging machinery, by which some economy is sometimes 
effected on large work, so that the saving in labor over hand mixing 
is only that due to turning and mixing the concrete. Against this must 
be placed the interest on the original cost, depreciation and operating 
expenses of the machine mixer. Where only a small quantity of con- 
crete is to be mixed per day, these charges may be greater than the 
cost of mixing by hand. 

At Harrisburg, Pa. {Eng. Rec., Oct. 15, 1004), experiments with a 
machine mixer in a section requiring 0.34 cu. yd. of concrete per foot 
showed no economy by the use of a machine. At Louisville, Ky., whore 
a large number of concrete sections var 3 ring in size from 2 to 15 ft. in 
diameter were built in 1907 to 1910, a very large proportion were con- 
structed by the aid of comTete mixers, even down to those about 4 ft. in 
diameter. It is questionable, however, whether on these smaller sizes 
there was any economy over hand mixing. As a rough general statement 
it may be said that very often machine mixers may be found economical 
where the amount of concrete to be mixed is in exam of 20 cu. yd. per 
day. This, of course, assumes that working spaces are sufficient to 
permit efficient handling of the machine. 

The proc(*sH of mixing by hand may be performed in a number of 
different ways. Sand and cement may be mixed dry, spread upon the 
stone evenly and water applied, after which the mixture is turned, or 
the cement and sand may be made into mortar which is spread upon 
the stone and the mass turned and mixed. In the latter case the mor- 
tar is mixed sej)arately in the mortar bed, the cement and sand being 
mixed dry until they are thoroughly incorporated and the mixture is 
of an even color tliroughout. Water is then added and the mixture 
still further turned over with shovels or stirred with long-handled 
hoes, before spreading on the stone. 

For measuring the materials it is convenient to provide bottomless 
boxes of prop(T sizes, handles l)eing provided at the corners by which 
they may l>e lifted after being filled. Under some conditions, however, 
it may be possible to calibrate the wheelbarrows and thus proportion 
the amount of sand and stone by taking a 8i)ecified number of wheel- 
barrow loads of each. The batch which has been found most con- 
venient and customary to mix is one which takes a barrel of cement 
and amounts to 20 cu. ft., more or less. It is not usual to measure the 
cement separately, but the amount both as to volume and weight 
which a barrel is assumed to contain is specified. As there is a great 
variatioiyin the weights of cement per unit of volume, depending on 
whether it is weighed loose or packed, it is customary to assume and 
specify that 100 lb. of cement equals 1 cu. ft., and that one barrel 
contains 3.8 cu. ft. 
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In mixing the concrete, two men face each other on opposite aides of 
the mixing board and the mass is spread out in a thin layer on it. Then 
with square-pointed shovels, one man working right-handed and the 
other left-handed, they push the shovels along the platform under 
the piles, lift a shovelful and turn it over with a spreading motjon, 
drawing the shovel at the same time toward themselves. By this 
method of operation a ridge of concrete is soon formed parallel to the 
original mass and 2 or 3 ft. away from it. This ridge is then handled 
in the same way by two more men, thus giving it a second turn. After 
the whole mass has l>e(‘n thus turned over twice, two of the men turn 
the material a third time back into a position near its original place. 
With a large gang a pile may l>c attacked from two sides, eight men thus 
being o(?cupicd in mixing the material. Usiially throe oomplete turns 
of the whole miLs.s by skilful men are sufficient for proixjr mixing, but 
not W’hen the work is done without projjer spreading of the materials 
by the sho\'olers. A gang of about 10 men, defMjnding on the distance 
the material must be wheeled, the difficulty of placing, etc., will mix 
and place about 25 cu. yd. per day of 10 hours. 



Fig 123 " (jajKjline-drivcn mixer (Little Wonder). 


Machine Mixing. — Mechanical concrete mixers are of two general 
classes, continuous and batch. There is a further differentiation as 
to the manner of mixing, as by paddles, gravity or rotation. By far 
the greater number of mixers used in sewer work consist of the rotary 
batch type, which is either discharged by tilting or by introducing a 
chute which intercepts the falling concrete and carries it out. Pig. 120 
shows one of the tilting mixers and Fig. 121 one of the stationary 
mixers with discharging chute. Another type consists of a cube rotated 
so that a line through two opposite comers maintains a borixontal 
position. About 1910, a demand for srnall mixers arose and was met 
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by a number of light machines, one of which is shown in Fig. 123. 
It weighs only 1450 lb. with the truck and 2-1/2-h.p. gasoline engine 
and mixes 5 cu. ft. of concrete in a batch. 

Mixers of the batch ty|>e are usually charged by hand, either by the 
use. of runways and wheelbarrows where the charging hopper is not 
too high, or mechanically by filling boxes, Fig. 122, which are lifted from 
the ground and dum|K;d into the mixer. 

Continuous mixers are operati^d by paddles which stir the material 
in a trough and push it constantly toward one end. The materials 
are handled either by being spread out in proper proportion on a 
platform and then shoveled into the mixer, or by men shoveling them 
in proper proportions, from piles of cement, sand and stone, that is, 
a 1 to 2 to 4 mixture would reipiire one man shoveling cement, two 
sand and four stone, thus maintaining a constant proportion of 
ingredients. 

In one tyjK' of gravity mixer the materials, previously arranged in 
layers of stone, sand and cement, are shoveled into a long chute-like 
device crossed by bars at intervals for breaking up the materials, 
which toss them about and against the side.s, water being introduced 
at the same time. In another type cone-shaped hoppers with openings 
closed by gates are lo(^at.(‘d one above the other, the materials being 
discharged from one to the other and mixed by mingling together in 
their passage. 

A portable gravity mixer known as the Hains-Weaver has been used 
to some extent on «‘wer work. This consists of four iron hopiMjrs hung 
one below the other by chains, each hopper being provided with a gate 
at the bottom. The sand, stone, cement and water are placed in the first 
hopfier, after which the gate is o|)ened, allowing the contents to flow 
into the second ho[)|)er, its gate then being opened and so on. The 
action of the mixer is somewhat like that of the sand in an hour glass, the 
materials from tlic sidejs flowing toward the center and thence downward. 
For concrete of fairly wet consistency, such as is often desirable in sewer 
work, this type of mixer apparently works well. When too much water 
is added there is a tendency for the water and fine material to run 
through rapidly, leaving the stone to follow. For dry mixtures the 
mixing is liable not to be as complete as desirable. 

This tj'pe of mixer was used on a 4 ft. 3 in. by 5 ft. sewer in Boston 
where the conditions were somewhat unusual. This sewer was being 
built through a narrow alley where the trench took up practically the 
full working space. A cableway was installed with the towers erected in 
streets at the ends of the ivUey. The mixer was hung from an elevated 
wooden portable platform carried by a framework the legs of which 
rested on the trench bni{*e8. A number of additional hoppers »milar 
to those oompottng the mixer but provided with legs so that they could 



CONSTRUCTION OF CONCRETE SEWERS 379 


be brought to rest over the top of the mixer, were used for transporting 
the concrete materials, including water, which were placed in them in the 
street at one end of the alley. This sewer was built in three operations, 
and two frameworks for supporting the mixer were provided, each in turn 
being lifted by means of the cableway and placed about 15 ft. forward of 
the one in use. 

Materials may Ihj mciisured in ordinary steel wheelbarrows but 
barrows with high sides, 

Fig. 124, allow of more 
accuracy of mcfisuro- 
mcnt and carrj' larger 
quantities of wet con- 
crete. The ordinary’ 
barrow’ holds but a small 
quantity, as the con- 
crete, when ver\* wet, 
assumes a horizontal 
position so that but 

BmaU simoo is iiviulablo Ki.; I.M .crete wheolt, arrow (Htcrlini). 
if the concrete is to he 

prevented from running over the sides and ends when the barrow is 
lifted. 



On this account two-whoel carts with high sides. Fig. 125, arc some- 
times used, but th(‘y require a wide runway and may be too heavy when 
filled unless the ground or runway is level. 

Under some conditions an industrial railway may be laid beside the 
trench and side dump cars of the type 
shown in Fig. 126 may be used, dis- 
charging their contents into chutes 
which convey it to the forms. Where 
a single permanent mixing plant can 
be made to serve a large piece of work, 
narrow gage railway's are often desir- 
able for several purposes, and in order 
to limit the variety of cars needed it 
may be advisable to use fiat instead 
of dump cars and to carry the concrete 
thp 11-1 . buckets, which can be handled at 

the trench by derncks or otherwiee. This will involve more labor in 

^nd^K concrete but the expenae of ahifting a chute in the tmnch 
may be avoided. 

Where the concrete b deUvered by derricks, cranes or cableways, it 
must transported in buckets, of which many varieties am in use. 
Some of them are empUed by tripping a catch, which aUows them to turn 
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over, discharging the concrete with a wide-reaching splash. Where 
more accurate placing of the concrete is required, a bucket with a 
hinged bottom is used, and where very accurate placing is needed, as 
in walls, the form shown in Fig. 127 is particularly serviceable, as the 



Fio 12() —Cijncrcte car 
(Wiener) 



Fio 127 — Bottnrn-dump 
bucket (Stuebner) 


discharge of the concrete is kept under close control. On large work 
where the introdiKition of labor saving machinery has proved economical 
and sufficient working space was available, much ingenuity has been 
expended in the design of concrete mixing and transporting machinery. 



Fio. 128.— Concrete plant over trench, Louisville. 


An intaiBsting equipment was installed upon Section B of the South- 
ern outfall sewer at Louisville, Ky. It consisted, primarily, of a concrete 
mixer mounted upon a sUndard gage car, and a locomotive crane, both 
being moved along the trench as the work progressed. The sand and 
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gravel were dumped beside the trench, shoveled into a bucket which was 
hoisted by the crane and discharged into suitable hoppers, mounted on ' 
the car above the concrete mixer. A water tank was placed on the oar 
at such an elevation that the water would run by gravity to the mixer, 
operated by a steam engine which, with its boiler, was also mounted on 
the car. At one end of the car an enclosure was built for storing cement. 
As the concrete was mixed it was dumped directly into a hopper from 
which it flowed through chutes into the trench where required. Upon 
Section D of the sewer, a car spanning the trench was used for conveying 
the concrete mixing machiner>% as shown in Fig. 128. This car also 
carried a house in which the cement was stored. The materials were 
brought to the mixer in wheelbarrows and after the concrete was mixed, 
it was discharged into a hoi)per and through troughs into the forms. 

An illustration of th(? extent to which specrial equipment and machinery 
for the mixing and handling of concrete may be used upon sewer work is 
furnished by the coiLstruction of the sewer at Classon Point, in the 
Borough of the Bronx, New York City, de8cril)ed in ** MunicipalJour- 
nal," voL xxxv, p. 821 . At the upper end the sewer is 7 ft. wide and at 
the lower end of the single barrel structure it is 12 ft. 6 in. wide. Below 
this point the .sewer is a double barrel structure, each barrel ranging in 
size from 8 ft. 3 in, to 1 1 ft. 3 in. wide. The entire length of the sewer is 
about 9100 ft. Near the outlet a dock was provided from which a 
construction track exte[id(‘d throughout the length of the work. Upon 
the dock small elevated bins for sand and gravel were constructed. 
These are filled by means of a derrick from scows which were loaded at 
the gravel bank with sand and gravel in the proportions required for the 
concrete. The ntaUTials for the concrete were conveyed from the dock 
to the work in buckets u[)on flat cars. The cars were placed under the 
small bins from which charges of gravel and sand were drawn and 
automatically measured, upon which the necessary quantity of cement 
was placed. Two cars, each containing six buckets, were then hauled to 
the work, hoisted and dbcharged into a Hains gravity mixer, mounted 
upon a tower built upon a wide-gage car. After the concrete liad passOd 
through the mixer into a bucket placed upon the ground, it was raised up 
a steel tower on the same car to the necessary height and discharged 
into a loading hopper, from which it was drawn into a U-shaped trough, 
through which it flowed to a second hopper, whence it was discharged by 
troughs into the forms. The plant was so arranged that the discharging 
hoppers could be placed at any desired height and the concrete dis- 
tributed over a considerable area by means of swivel joints connecting 
the two chutes. The cars canying the engines and mixing and dis- 
charging towers were moved along the side of the trench on rails, as the 
work progressed. 

It is of the utmost importance to estimate carefully the quantity of 
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concrete required, the expense of handling it by different methods and 
•the cost and operating charges of plant }>efore deciding what equipment 
should be provided for a giv(jn undertaking. While mechanical equip- 
ment will prove advantageous if the quantity of concrete to be handled is 
large and the plant can be kept in operation a relatively large proportion 
of the time, it is easy to provide* a plant so complicated and expensive 
that its operation more than offsets the saving in cost of mixing and 
placing the concriJto by simpler methods. Upon small sewer work, it is 
often less expensive to mix and place the concrete by hand than to 
employ even relatively simple mae.hincry, and the use of complicated 
handling and mixing machinery upon small work is rarely justified. 
It is pr(d)ably true also upon most sewer work that relatively little 
money is inadi; or lost in th(‘ handling of concrete in comparison with that 
which may be made or lost in the handling of the excavation. 

Placing Concrete. — Ujam small work, where excavations are shallow, 
it will usually be most satisfactor}’’ to shovel the concrete into the forms 
from the mixing bed. Where the work is deep and it is not convenient 
to place the mixing heal ()V(‘r it, the concrete can be conveyed from the 
mixing bed to th«‘ forms through chutes, which may be made of wood 
lined with sheet iron, or preferably entirely of sheet iron. Such troughs 
are frccpiently U-shaped, although, and especially where they must be 
placed in a nearly v{‘rti(!al position, they may be made nearly cylindrical 
in form. In either case they should bo so constructed as to telescope, 
the lower end of the upper trough fitting into the upper end of the 
trough below. It will usually be found convenient to provide a metal 
hop|)er at the t(»p, into which the concrete may be thrown or dumped 
and from wliich it will flow into the troughs. 

Conert^te should })e made of such a consistency that it wdll flow readily 
through a trough inclined 1 ft. in 3 ft., and at least this inclination 
should be provided, as concrete will not flow readily through troughs 
laid upon a flatter slope. It is necessary many times to hang the 
trouglLs or pi|K‘s upon a much steeper slope and difliculty is often 
experienw'd when the angle of inclination is at or somewhat more than 
45 deg. by the tendency of the stone, and particularly of rounded gravel, 
to separate from tlie mortar in passing through the trough or pipe. 
Where the angle of inclination is nearly vertical, this tendency is again 
reduced. Where there is a decided tendency for the stone to separate 
from the mortar, it may be necessarj' to catch the concrete in a box and 
re-mix it before finally placing it in the forms. If this is not done, care 
must be taken to prevent “pockets" of cobbles or broken stone in which 
there is In^uflicient mortar and fine aggregate. 

Concrete is now usually mixed very wet and does not require tamping, 
but does need more or less spading and slicing with thin metal Ulades. 
These are of assistance in working the concrete through reinforoement 
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and for scraping and prjdng the larger stones away from the forma, so * 
as to leave a good mortar finish when the fornLs are removed. Two or 
more men, depending on the size of the work, are required for placing 
and cutting tlie concix'te, and one man, when wheelbarrows are employed, 
to assist in emptying them into the chutes. 

Careful consideration should Ik* given to the best method of con- 
structing concrete sewers Small circular stiwers, j)crhap8 up to a di- 
ameter of 4 ft., can in many ca.ses Ik* advantageously built in one ojwra- 
tion, full cylindrical forms (descrilKul * in Chapter XV) being placed 
before any concrete w put into the trench. U|)on larger sewers there 
is a great variety of fornw available for use, some lK‘ing made of 
wood and others of steel. Much ingenuity iimy Ik* e.xcrci8cd in the 



Fiu. 129. — Templates to which invert was screeded, Louisville 


design of largo forms to reduce the cost of labor in removing and 
carrying them forward and resetting them. 

Sewers more than 4 ft. in diameter are generally built in two, three, 
or more operations. The invert is first placed for a considerable distance. 
Upon this the side walls are budt and after these become set the arch 
is turned. This method of progressive construction requires tliat a con- 
siderable length of trench Ik* kept open at all times for concreting, and 
as time is required for the concrete to bcfcome thoroughly set and acquire 
sufficient strength so that the forms may be removed, it is a source of 
considerable delay which should be taken into consideration in planning 
the rate of progress to be attained. 

Invents are generally laid and screeded to templates. In some 
cases the concrete is placed in alternate blocks, from 8 to 10 ft. in length, 
between bulkheads. Where the concrete is placed continuously it is 
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•iiccesBBry to provide templates at frequent intervals, which may con- 
veniently be constructed of 1/2 X l-J/2-iu. steel on edge and humr 
from the bracing overhead, Fig. 129. As the concrete is screed^ 
these templates are moved forward. 

Where the concrete of which the invert is constructed is very wet and 
contains a large quantity of mortar, it may be possible to so work it as 
to bring the mortar to the surface and provide a satisfactory and 
smooth invert surface by screeding. If the concrete is lean or dry it 
may be necessary to use a small quantity of mortar to secure a smooth 
finish, usually not more than 1/2 in. This, of course, should be appUed 
t>eforo the concrete has acquired its initial set. 

If good concrete work is to be secured it is absolutely essential to 
have watertight, well-made and accurate forms, and to mix the con- 
crete of the proper consistency. If these two points arc given careful 
attention, little difficulty should be experienced in providing a satis- 
factory concrete structure. 

Placing Reinforcement.— In the construction of reinforced concrete 
wwer.s, placing and holding the reinforcement in its proper position is a 
troublesome as well as an important matter. The method of doing this 
largely dcficnds upon the position of the metal and the ingenuity of the 
constructor. For small sewers, 3 ft. or less in diameter, which may be 
built ill one operation, as described in Chapter XV upon “Forms and 
t-entors, reinforcement is not usually required. If, however, for special 
reasons reinforcement is necessary, construction in a single operation is 
generally impracticable. This is particularly the case where expanded 
metal or woven fabrics of fairly coarse mesh arc used. The fabric acts 
us a screen, preventing the free flow of concrete around the forms. In 
such cases as with larger circular sewers, it is desirable to lay part of the 
invert under the more inaccessible part of the form, by means of tem- 
piaU>s and screeds. Part of the reinforcing material, bent to shape and 
extending above the springing Une, is held in proper position by fas- 
tening it to longitudinal timliers on either side of the trench, and if 
necessary, it is also supported by blocks underneath it, removed' as 
the concrete reaches them. When the invert is more or less flat, the 
wncrete may be first placed up to the position of the steel, which is 
then put in position and the concreting continued, or the whole system of 
rei^oroement may be first placed in position and held by blocking and 
fastening to the trench braces, before any concrete is placed. This 
latter method, shown in Fig. 130, assures the proper location of the steel, 
^ter thi^wer is completed to the springing line and the centera placed, 
the ^h strol IS set and fastened by wiring it to the projecting ends of the 
invert 8^1, a proper space between the centers and the steel being main- 
^ned, If necessary, by blocks which are removed as the concrete reaches 
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Much of the success in the proper placing of the reinforcing steel 
depends upon bending it to the correct shape before it is lowered int^ the’ 
trench. This may be done on the bank by the aid of templates and a 
bar or tire bending machine, or, in case of large quantities of a particular 
shape, the steel may be bent at the mill before shipment. In the con- 
struction of a concrete sewer in the Borough of Queens, N. Y., the rods 
were bent on the bank by unskilled labor. A heavy platform was 
provided, to which were nailed pieces of 4 X 4 in. timlxsrs 2 ft, long. 
These were nailed at proper points determined by trial, and the steel 
bent around them. 

When the arch only is to bo reinforced, short pieces of steel may be left 
eml)edded at proper points, with their ends projecting above the invert 
masonry at the springing line, to wlxich the arch steel, which is held above 
the centers by blocks at the crown, may Ik; fastened. In the sewer con- 
struction mentioned above, holes were left in the green concrete of the 
side walls, into which the ends of the arch steel were grouted after the 
arch centers had been placed. 

During construction it should Imj borne in mind that while the steel 
may l)e easily lifted out of wet concrete, it is almost impossible to force 
it in. Thus in forming the arch when flexible material is used, it may be 
easily kept away from the inner surface by lifting, but if lifted too high 
it is almost impossible to force it back again to its proper location. 

WATERPROOFING 

Permeability of c )ncrete is more or less dependent upon a numl)er of 
factors. It niay l>e lessened by increasing the projmrtion of cement to 
other ingredients, by the use of sand and gravel rather than crushed stone 
and screenings, by proper grading of the aggregates, by making the 
mixture quite wet, and by increasing the thickness of the concrete. 

It is neither practicable nor economical to make sewers wholly 
imper\dou8 to water, as is sometimes done in the case of other under- 
ground structures which are not used for carrying water. The use of 
carefully graded mixtures rich in cement, mixed wet and effectively 
worked and spaded into place, is the extent to which it is generally 
considered economical to go. Such precautions, where the head is slight 
and where the concrete shell is of considerable thickness, will result in 
practically impervious concrete. Under certain conditions, however, 
where the sewers are laid in wet trenches and the head of water outside 
is considerable, and particularly where the concrete section is a thin one, 
it is desirable to take some special precautions to prevent excessive 
leakage. 

At Fitchbui^, Mass, (report of Ihivid A. Hartwell, Chief Eng., 
Sewer Commissioners, 1912) where the intercepting sewer was built in a 
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water-course, the concrete walls were made 9 in. instead of 6 in. thick 
and reinforced with longitudinal steel rods to prevent contraction 
cracks. At Louisville, Ky., at places (report Sewer Commissioners, 
1910) where large amounts of ground water were encountered, part of 
the sand used in making the concrete was replaced with 10 per cent, 
of iinc molding sand mixed with some clay. Tests showed that this 
reduced the leakage to o!ic-fifth of that obtained with an ordinary 
1 :2:4 mixture, and below that obtained with a mixture graded as 
jHjrfectly as ])OHsible. 

Various other mixtures, some of a proprietary character, have been 
used to decrease' jiernuiability. Generally these consist of fine earthy 
material which fills the interstices in the concrete, or fine material which 
by its nature' repe'ls water, or a combination of both. The fine sand 
just mentioned belongs to the first type. Clay is also effective, 
particularly with lean mixtures, say 1 part cement to 3 parts or 
more of sand. With richer mixtures, its value is not so apparent 
and it di'crc'ases the strength considerably, as in this case the 
interstices of tlu' sand are already well filled with cement. Alum 
and soap, mixed in the proportion of 1 part alum to 2.2 parts 
hard soap, reduce jMirmeability, but they also considerably reduce 
the .stri'iigtli of the resulting concrete. The alum may be mixed 
with cement dry and the soap dissolved in the wat(T to be used for 
gaging. Or tin* materials may be dissolved in the water separately and 
mixed just before the concrete is made. As water will only dissolve 
about 3 jM'r cent, by weight of hard soap, the proper proportions to be 
mixed with tin* water are 1-1/2 per cent, alum and 3 })er cent. soap. 

■ Tests sliow that this mixture may reduce the strength of the concrete 
about 20 {H'r ('('lit. Lime and soap in the proportions of 1 to 12, or 1/4 
jier cent, lime to 3 per cent, soap, to the weight of water, have also l)een 
list'd with suct'e.ss. Hydrated lime {Eng. Cent., July 15, 190S, Sanford 
Thompson) has been effectively used in the following proportions: 

8 piT c«*nt of w«»mht of cptncnf, 1 • 2 . 4 oourrpU* 

12 1 '2 p»T cpnt of weight of reiiioiit, 1 : 2~1 '2 4-1/2 rontTetc. 

IG jK'f cent of weight of ceiiicDt, 1:3 3 concrete. 

Soap and alum have In'ori used for nuiny years in the Sylvester proc- 
ess of waterproofing masonry by successive alternate surface applications 
(rf solutions of these materials. {Trans. Am. Soc. C. E., vol i, p. 203.) 
The early use of these substances as ingredients in mortar is difficult to 
traw. In 1900 Gen. W.L. Marshall added 3/4 lb. of alum to each cubic 
foot of sand and 3/4 lb. of soft soap to each gallon of water for 1: 2-1/2 
mortar ^r work in New York harbor. In 1903 the subject w'as dis- 
cussed at the convention of the American Society of Civil Engineers. 

At Louisville, Ky. (report Commissioners of Sewerage, 1910) experi- 
menta were made to determine the most effective waterproofing com- 
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pound to use on certain sewers to he built in wet fp*ound. Tests were* 
made of specimens of concrete 10 in. in diameter and 4 in. thick. These 
blocks were placed between iron castings, bolted firmly together in such 
a way as to allow the application of water under different pressures to 
a surface 6 in. in diameter. One sample of concrete was proportiojied 
to form a theoretically iHjrfectly graded mixture; another an ordinary 
1:2:4 mixture, and another a 1 :2 :4 mixture to which varius water- 
proofing compounds of a proprietarj' nature were added. Table 64 
gives the results of the.se tests. 

Table 64. — Seepaoe in 7 Hours through Concrete with Various 
'Watkri uoofinu Treatments, under 15 lai. I*r1':88URE 


(Report ('omitiiwtionpr* of Bewpr»|W», I.oui*villi'. Ky., 1907-1010, p. SS) 


Sp«‘ri rut'll 

Cubic 
ifu'lii'n p«;r 
nquiire 
iiirh 

Cubic L 

. Oiilloiui 

ccnli- 

rurtiTB per 

' oquart' 
tquarccrn-| 

tuuctcr 1 

Total KM'p* 
affu in cu> 
bic centU 
meters 

Perfect mixture , 

1 .'if) 

3 95 

|0,«7 

721 

Concrete, 1-2-4 . ; 

6 47 

16 45 

4 04 

3,000 

Concrete with 5 per ci'nt. clay. 

0 H6 

2 18 

0.54 

39K 

Concrete with 10 per cent, clay ! 

0 12 

0 31 

0.08 

56 

Concrete with .5 per cent, fine saml 

4 94 

12 55 

3.08 

2,21K) 

Concrete with 10 per cent fine sand 
('oncrete with 4 per cent, hydrated 

1 22 

3 10 

:0.76 

565 

lime .... 

0.72 

1 82 

; 0 45 

332 

i Concrete with 0 p'T cent, hydrated! 


! 


lime . .... 

Concrete with H per cent, hydnitinl 

0 24 

0 61 

|0.15 

! 

112 

lime 

0 11 

0 27 

j0.07 

49 

Concrete w ith 2 per cent. Medu.sa 

0 97 

2 47 

0.61 1 

450 

Concrete W'ith 4 per cent. Metlusa 

0 

0 

! 0 

0 

Concrete with 4 per cent. Maumee 

0 24 

0 (K) 

jO 15 

no 

Concrete with MrCWmick . 

0 17 

0 44 

0 11 

SO 

Concrete with Ceresit 

Concrete w'ith 4 per cent Toxe- 

2 00 

5 (K) 

1 25 

[ 

j 928 

ment 

0 

1 0 

0 

0 


Note.— Where very fine sand and clay were used they replaced an 
equal amount of Ohio River sand. Where hydrated lime, Medusa, Mau- 
mee and Toxement were used, the amount added was a definite propor- 
tion of the quantity of cement u««*d, hut the quantity of cement was Hot 
reduced. The McCormick compound was furnished already mixed with 
the cement and was said to have lieen mixed just liefore grinding. The 
Ceresit w'as substituted for a portion of the water and in the proportion 
of one to twenty. The dry waterproofing cornpsjunds and the lime were 
added to and thoroughly mixed with the cement before w etting. 
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• Tablk 65.*— Results of Tests to Determine Effect of WAtii* 
pROonNO Materials upon the Tensile Strenqth of Neat A|n> 
Mortar (1 : 3) Briquettes 


Waterproofinf materiala 
' addod 

How added 

Per 

cent. 

added 

TensUe atrenitii 

Neat 1 Mortar 1-8 

7 

dayi 

28 

days 

7 

daya 

dayi 

McCormick “A,” St. 

Combined with cement 






Louis 

at mill 


797 

740 

205 

307 

McCormick “B, “ 

Combined. with cement 






local ... 

at mill 


513 

577 

199 

220 

Ceresite 

In place of water 

! 5 0 

642 

669 

311 

376 

Molding sand . 

In place of sand* 

! 5 0 

698 

743 

176 

368 

Molding sand . j 

In place of sand 

10.0 

636 

642 

177 

510 

Hydrated lime. . , . 

Added directly to dry 

5 0 

749 

651 

387 

611 

Hydrated lime. . . . 

cement. 

10.0 

608 

635 

371 

505 

Clay 

1 In place of sand* 

2 5 

753 

737 

235 

344 

Clay . ... 

In place of sand ! 

i 5.0 

718 

912 

221 

401 

Clay.. . 

1 In place of sand 

' 7 5 

644 

802 

344 

327 


* In the cfwe of the neat briquettes the amount of sand and clay added were percentages 
of the dry cement. 

Testa were also made to determine the effects of these various com- 
pounds on the strength of neat cement and mortar, with the results 
given in Table 65. As a result of these experiments it was decided, as 
mentioned above, to use 10 per cent, of fine molding sand with some clay 
in substitution for an equal amount of ordinary sand. 

The report of the Committee on Waterproofing Materials, of the 
American Society for Testing Materials (1913), states the following 
among its conclusions: 

“That the majority of patented and proprietary integral compounds 
tested have little or no immediate or permanent effect on the permeability 
of concrete and that some of these even have an injurious effect on the 
strength of mortar and concrete in which they are incorporated. 

“That the permanent effect of such integral waterproofing additions, if 
dependent on the action of organic compounds, is very doubtful. 

“That in view of their poesible effect, not only upon the early strength 
but also upon the durability of concrete after considerable periods, no 
integral waterproofing material should be used unless it has been subjected 
to long«time practical tests under proper observation to demonstrate its 
value, and unless its ingredients and the proportions in which they are 
present are known. 

“Tiat in general more desirable results are obtained from inert com> 
pounds acting mechanically than from active chemical compounds whose 
efficiency depends on change cl form through chemical action after addi- 
tion to the oonorete. 







Fig. 130. Supports for reinforcement in invert and side walls, Louisville. 




-Joint ubvd in a large sewer, Louisville. 



COmTBVCnON OB CmCMXTK BMWBBS m 

''Tliai void-filling tuhstonow are more to be relied u{Km thati thoee, 
whose value depends on repellent action. 

‘'That, assuming average quality as to siie of aggregates and reasonably 
good woricmanship in the mixing and placing of the concretes, the addition 
of from 10 to 20 per cent, of very finely divided void-filling minend substanoes 
may he expected to result in the production of concrete which, under oi*di- 
nary conditions of exposure, will be found impermeable, provided the 
work joints are properly bonded and cracks do not develop on drying, or 
through change in volume due to atmospheric changes, or by settlement. 

*‘So far the oommittee has considered only concretes of the usual propor- 
tions, namely, those ranging from 1 cement, 2 sand and 4 stone to 1 cement 
3 sand and 6 stone. It has been suggested that impermeable concretes 
could be assured by using mixtures considerably richer in cement. While 
such practice would probably result in an immediate impermeable concrete, 
it is believed by many that the advantage is only temporary, as richer 
concretes are more subject to check cracking and are less constant in volume 
under changes of conditions of temperature, moisture, etc. Therefore, the 
use of more cement in mass concrete would cause increased cracking, unless 
some means of controlling the expansion and contraction be disoov(»«d. 
With reinforced concretes the objection is not so great, as the tendency to 
cracking is more or less counteracted by the reinforcement.'' 

The low-level intercepting sewer at Baltimore was waterproofed by 
the membrane method and bituminous material was generally used 
in making the joints of the sanitary sewers leading to it, in order 
to reduce the rate of infiltration of the ground- water into the system. 
All the sewage collected by this intercepter must be pumped, as ex- 
plained in Volume I, and it was decided that the additional cost 
of waterproofing sewers laid in very wet ground was justified by the 
probable reduction in the pumpage resulting from it. The average bid 
price on 8-in. sewers with bituminous joints w^as about 5 cents per foot 
above that for cement joints. The intercepter was below the level of 
mean low tide for 12,035 ft. and was generally within 100 to 300 ft. of 
the harbor. The bottom of the trench was in water-bearing graveL 
No leakage test of the entire intercepter was ever made, but on a 
3600-ft. section from 74 to 84 in. in diameter, the infiltration was 
practically nil, according to Chief Eng. Calvin W. Hendrick. The 
general method of waterproofing the sewer was as follows: 

After the concrete for the invert and sides had set and become dry, it 
was covered up to the springing line of the arch with a coating of hot 
pitch, the contractor being permitted to use coal-tar pitch, refined 
natural asphalt, or asphalt made from petroleum. On this pitch a 
layer of burlap was laid at once and pressed into it firmly, so as to mittre 
a good bond. The burlap was required to weigh 10 of. per square 
yard, or Siastex waterproofing fabric weighing 12 lb. per 100 sq. ft* 
could be used in place ol it. This layer of burlap was covered with hot 
pitch, another layer of buriap laid, and anoth^ coating of hot pHtih 
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Applied. The brick lining was laid on tliis membrane. In constructing 
the arch, a single ring of brickwork was first laid, its back was water- 
proofed as described for the invert, and the concrete backing placed. 
Jiurlap was left projecting from the walls to overlap that of the arch, so 
as to keep the entire membrane integral. 

WORK JOINTS 

Concrete contracts during setting and also expands and contracts 
with temperature and moisture changes. In thin walls this property 
tends toward the formation of cracks about every 30 ft. If, however, 
longitudinal reinforcement is used, these cracks may be prevented, or 
rather so distributed through the length of the wall as to be invisible. 
In some concrete structures it is cu.stornary to leave joints at specified 
intervals which will open, thus preventing the formation of haphazard 



Fkj 1.32 — Types of joint.s in sewers 

So(r — In tlif' Borond form of joint, tlio midftiro or lungcitudinnl surfarc of th(* joint, be- 
twoon tho tun circular or tr(inB\cr«c BurfuccB, should b« mclincd about 1 to 12, Kiving a 
Hlightly conical shape to thw part of the joint, in order to prevont any injury to tiie con- 
crete in withdraw int( the forms. Tho lap should bo less than the thickness of the half 
section 


cracks. In structures carrying liquids under pressure these joints should 
be made water-tight. In sewerage work, however, the location of joints 
is not g()vern(‘d so much by considerations of expansion and contraction 
as by the exigencies of the work which necessitate the formation of 
joints at the end of each day’s run. As for the matter of permeability, 
it is generally not attempted to make these joints in sewers absolutely 
water-tight, as is sometimes done in the ca.se of water conduits oper- 
ating under internal pressure or subways subject to external hydro- 
static pressure. Reasonable precautions should be taken, however, to pre- 
vent infiltration and such measures as the adoption of effective methods 
of construction and the securing of high-grade workmanship are justified. 

Cracks and leaks are likely to develop at the planes where old and new 
concrete are joined, due to the weakness of the bond, and special pre- 
cautions are required at these places. Where the invert and arch are 
built seflarately, it is customary on the completion of concreting the 
invert, to ram into the green concrete slightly beveled strips of timber 
from 2 to 6 in. wide, depending upon the width of the joint, which on 
removal leave grooves. These pieces should be braced down to prevent 
them from floating. Where the joint plane is of considerable width two 
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parallel grooves may be thus formed. It is necessary to have such 
timbers beveled smooth and well lubricated, so that they may be re- 
moved without injuring the partially set concrete. 

The vertical joints may be similarly formed, by fastening pieces of 
wood to the bulkliead placed at the end of the section. In some crises it 
may be desirable to fa.sten the.se piece.s lightly to the bulkhead, by 
bolts or nails driven in from the outside, so that the bulkhead may l)e 
removed first, and the groove formers later. Otherwise, if both are 
moved at one operation, portions of the concrtde may be broken off. 
When arch, side walls and inv(‘rts are constructed s(‘parately, the end of 
the day’s run, or the joints, should be brought to the same vertical 
plane, otherwise one of the joints may ojicn and a crack form opfmsite 
it all the way around the .sewer. 

A scarf joint may be formed by building up the end of the sewer 
forms .so a.s to make an inset or rabl»et when the form is removed, con- 
crete being forcxvl into the .space left when the next 8(H;tion is placed. 
On tlie aqueduct constructed by the Hoard of Water Supply of the 
City f)f Xew York, wher(‘ great precautions were taken to provide 
water-tight work, key blocks were first laid at si>ecified intervals and 
coated with cold water paint, to prevent adhesion when contraction or 
expansion of the invert took place. Such elaborate precautions arc, 
however, hardly ju.stifi(‘d in ordinary sewer work. Fig. 131 shows the 
joint in a large Loui.sville sewer, and Fig. 132 gives three types of joints. 

Care must be taken to have the surface of the old concrete clean and 
rough and wotted, before placing the fresh concrete on it. A thin layer 
of rich mortar placed on the old surface just before concreting is started 
will also aid in forming a bond to the old work. This is most commonly 
accomplished by thoroughly washing with a stream of water under 
pressure and brushing with wire bru8he.s. Sometimes the surface of 
the old concrete is roughed by picking or pointing and under excep- 
tional conditions the .surface of the concrete may be roughened, eaten or 
etched by the use? of dilute muriatic acid. Needless to say, acid must lie 
thoroughly washed off before any additional ooncreU? is laid. Fresh 
concrete may be scnitchcnl and scored with a sharp tool to roughen it, 
and should l>e covered with f>oards to prevent dirt and d6bri8 from the 
street or sides of the trench from falling into it. In constructing 
sewers in San Francisco high winds carried great quantities of dust into 
the trench, which could not Ik; removed from the fresh concrete by the 
use of water and brooms in the usual way. Various expedients were 
tried and finally fire hose attached to a nearby hydrant, operated under 
full pressure, was succeasful in cleaning off the dirt. 

. PIACmC CONCJUTTE m FREEZING WBATHBR 

Natural cement concrete may be ruined by fretrzing l)cfore it has set, 
but experiments indicate that Portland cement concrete of good quality, 
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which has been frozen, will ultimately obtain full strength if oppor- 
tunity is given it to set after thawing and before attempting to remove 
the forms. It does not set any, however, while frozen, so that no struc- 
ture of frozen concrete should be loaded nor should forms and supports 
be removed until the material has had an opportunity to thaw and set. 
For tliis reason it is impracticable to build sewers in cold weather unless 
precautions arc taken to prevent freezing and to allow the concrete to 
set so that backfilling may be placed within a reasonable time. 

At Louisville, Ky., no concreting was allowed at temperatures below 
24° F., all materials had to he heated when the temperature was between 
24° and 32° and only water was required to be heated when the 
temperature was between 32° and 35°. 






— — 


Plan . 

I'm. 133. — Device for heating concrete materials. 


Concrete made of heated materials, placed quickly in forms, covered 
with boards and tarpaulin or straw, will set satisfactorily wdien the 
temperature is a number of degrees below freijzing. Where steam is 
available, materials may Ixj heated by circulating the steam through 
coils of pipe over and around which sand and stone may be placed, 
the exhaust Ixnng discharged into water barrels to heat the water. 
Or the sand and stone may be wanned by ordinary steel heaters. A 
heater of this tyfMj (En^. News, March 19, 1903) with an attached 
provision for warming the water, is shown in Fig. 133. 

The placing of concrete in freezing weather is ob>iously more ex- 
pensivelind uncertain than in warmer weather. Frozen dirt has much 
the same appearance as set concrete, making it difficult to discriminate 
in its removal. Even if the materials are kept from freezing, concrete 
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gains strength only slowly in cool weather and it is necessary to keep the 
forms in place considerably longer than in warm weatlier. 

Various expedients are resorted to for the purpose of preventing the 
freezing of concrete. One of the common methods is to add salt to 
the mixing water, which lowers its freeziiig point. Experiments have 
indicated that an amount of salt equal to 5 or 10 per cent, of the weight 
of the water used for mixing, or approximat<*ly 13 lb. of salt to a barrel 
of cement, does not lower the ultimate strength of the concrete, although 
the time of setting is increased and the strength for short periods is 
decreased. Taylor and Thompson, “Concrete, Plain and Reinforced,” 
recommend 2 lb. of salt per bag of cement, or 8 lb. i)er barnd. Concrete 
thus formed will set where the temperature is several degrees below 
the freezing point. 

RATE OF PROGRESS 

The rate of progress is usually governed by the rate of excavation, the 
number of forms available, the i)ermisaible length of open trench, and 
other factors, rather tluin by the rapidity with which concrete can be 
mixed and placed. For iiv.stance, if it l)e required to keep centers in 
place for 3 days, forms for 4 days' work must be provided if con- 
crete is to be placed each day. Unless the total length of sewer to 
be built is considerable, the cost of providing sufficient forms to allow 
rapid daily progress may not be justified. Similarly, where the sewer is 
built in several operations, invert, side walls and arch separately, the 
concreting must be carried on in the same section of trench for up- 
ward of a week. If a high rate of daily progress is desired a very long 
and possibly proliibitive opening of the trench may be necessary. In 
such cases it will often prove more practicable to o|)en the trench at two 
or more points than to attempt a high rate of progress at one opening. 

In the construction of a 3-ft. sewer at Louisville, in one operation (see 
Chapter XV, “Forms and Centers”), 94 ft. 6 in. of inside forms, and 
48 ft. of outside forms were found to be serviceable for about 1500 ft., 
and cost 1180.84, These allowed a progress of about 48 ft. per day. 
As the sewer was only 1500 ft. long, a greater number of forms would 
have resulted in a waste of material and the discarding of forms l)eforc 
they were used up. 

Sewers 36 in. in diameter have been built at rates of 100 to 130 ft. per 
day. Under average conditions, however, the rate of progress is more 
likely to be from 25 to 50 ft. per day. In the case of large sewers the 
rate at which concrete can be mixed and placed is a factor of more 
importance, although even upon such work the rate of progress usually 
depends more upon the rate of excavation than on concreting. At 
Louisville, Section B of the Southern Outfall (15 ft. 2 in. by 15 ft. 6 in.) 
required 2.99 cu. yd. of concrete per foot and 33 ft, required approxi- 
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mately 100 cu. yd. of concrete, an amount which might be difficult to mix 
and place in 1 day in congested quarters or where there were transpor- 
tation difficulties. Such large sewers are constructed in several opera- 
tions, the invert, side walls and arches being constructed separately and 
involving delays in preparing for the different portions. The usual 
progre.s8 on large sewers may be from 20 to 30 ft. per day. If, however, 
rainy days, delays owing to inefficient organization and other lost time 
are included, or if the average progress is computed ujx>n the length of 
time from the beginning of the work until its completion, the daily 
progress may be much less tlian that shown by the above figures. 

COST OF SEWERS 

The cost of building concrete sewers varies greatly, being largely 
deiKUident upon the size of the structure and local conditions. The 
following estimate of cost is given merely as an illustration of the 
method of computation and to give a rough idea of cost of such 
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work. Tli(‘ sewer is a.ssumo<i to be 48 in. in diameter. Under these 
circiim.stancea tlie following may be obtained: 9 men, including foremen, 
will mix and {)lace about 12 cu. yd. of concrete per 10-hour day; 12 yd. of 
1:2:4 concrete will contain (see Table 59) 18.85 bbl. of cement, 5.28 
cu. yd. sand and 10.00 cu. yd. stone. The cost of this concrete in place 


will be about as follows: 

I.Ah<ir, H days at $2 00 tlO 00 

Labor, 1 day at $3 00 3 0(» 

Cemcbt. IS Sh bbl at 1 1.80 33 93 

Baud, 8 28 cu yd at 11 00 5 2H 

Slone, 10 Otl cu yd. at tl.OO 10 00 

^urnta (incl. moving) 12 (K) 

80 27 

Organiaation, loola, water, etc , 1ft per cent 12 04 


192.31 

Including contractor’a pro&t, say 18.75 per oubto yard 
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If reinforcement is used the cost will be enhanced to the extent of 3 
or 4 cents per pound of steel or from $1.50 to 12 per cubic yard in addi-* 
tion. On large work the cost of forms is less per cubic yard of concrete, 
as is also the cost of placing. At Louisville, Ky., the prices for con- 
crete on 60 contracts for sewers ranging in size from 15 ft. 2 in. by 15 
ft. 6 in. to 24 in. u’ere from $6 to $12 per cubic yard. 

In the consideration of large projects it is often d(«irablo to obtain an 
estimate of a general character as to the cost of long lines or a general 
system of sewers. In Fig. 134 are plolttnl the costs of sewers at various 
place's in dollars per foot of diameter. No distinction is made be 
tw'een concrete and l)ri(‘k and many of the exami>k*s are oomjmsed of 
brick with concrete foundations. The Louisville figun's rf*fer, however, 
to concrete and n'inforced concrete only, while many of the Chicago ex- 
amples arc of brick. 



CHAPTER XV 


PROFILES, TEMPLATES, FORMS AND CENTERS 

Forms of some kind arc needed in constructing masonry sewers 
whether built of brick, stone, molded blocks or monolithic concrete. 
The invert must be laid accurately to line and grade and must have the 
correct shape, and the arch must be sustained from within until the key 
is in place and the mortar or concrete has set. The centering required to 
support the arch is usually made up in sections composed of one, two 
or more longitudinal parts and each length of 8 or 10 ft. is called a 
“center.” “Profiles” are thin strips of wood the shape of the sewer, 
provided with nails so si>aced that lint« tightly drawn from one of them 
to similarly sj)a(*ed nails in another profile or driven into the joints of a 
com])leted section of the sewer will give the required lines to which the 
brick should be laid. Profiles are used for laying brick, stone or block 
inverts. When sewers are built of concrete, molds are required to hold 
the semi-fluid mass in correct position until it has set. so that the 
structure may have the desired shape and thickness. Among such 
forms may be mentioned centers, outside jackets and side wall molds, 
which are collectively as well as individually called “forms.” “Tem- 
plates” are thin strips used as guides in laying brick or stone masonry 
or for shaping and screeding concrete. 

Forms may be made of wood, of wood covered with sheet metal, 
entirely of metal or of metal and wood, e.g , centers with steel ribs 
covered with wooden lagging, or wooden ribs covered with sheet 
metal. 

It is ver>' important that sewers be built true to the shapes and sizes 
called for in the design, and for reasons given in detail in Volume I 
it is necessary that the inner surfaces be as smooth as possible. To ac- 
complish these results, care should be taken in laying out the forms to 
use the correct dimensions, and tlie forms should be so constructed as 
to be strong enough to withstand all operations incidental to placing the 
masonr}^ of which the sewer is to be built and to assure a smooth flnish 
on the inner surface of the sewer. 

CENTERS AND PROFILES FOR BRICK, STONE AND BLOCK 
SEWERS 

When sewers are to be constructed of brick, stone or molded blocks, 
profiles are used to aid the masons in laying the brick of the invert to 
3 ^ 
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correct grade and line. A profile should be made as light as possible and 
at the same time strong and rigid enough to alwa>^ hold its true shape. 
As shown in Fig. 135, nails arc driven in the profile, properly spaced for 
the several courses. The mason lays the brick or blocks to a cord tightly 
stretched from nails driven in the joints of the work behind to the nails 
in the profile ahead, corresponding to the same courses. Upon large 
work and where skilled masons are employed, two or sometimes three 
or more courses of brick may be laid to one stretcliing of the lino. This 
is especially true upon relatively flat inverts, as those of horseshoe- 
8ha(>cd sewers. IVofiles sliould extend high enough to enal)le the mason 
to carry the invert one or two courses above the springing line to allow 
room for the centers to fall after Inung “struck.” Two profiles are 
usually spaced Ifi ft. apart when a new invert is begun, and thereafter 
one profile only is used 
and it is generally 
placed about lb ft. 
ahead of the finished 
work, a longer spacing 
licing unwise because of 
the danger that the line 
may sag between the 
nails. 

The dimensions and 
method of constructing Fio 135. — Profile for 36-in. brick sewer, 
a profile suitable for use 

in building a two-iing brick sewer 36 in. in diameter, are shown in Fig. 
135, Such a profile should Iw made preferably of clear soft stock, such 
as white pine, planed on both sides and of uniform thickness. Provision 
should Imj made for the mortar joint between the outer and inner rings 
and the nails should be so spaced as to allow for joints of proper thick- 
ness between courses. It is generally well to send the profile from the 
shop without having the line nails driven, so that the mason may space 
them to conform to the tliickness of the brick actually lx‘ing used. The 
profile represented in Fig. 135 is designed for brick 4 in. in width and 2 
in. in thickness. 

A profile may be secured in place by two vertical boards nailed to iU 
sides and to a trench brace or other support above, and should be 
accurately set to line and grade and carefully leveled before any 
brick arc laid. 

Arch forms or centers, generally built of wood, arc usually 8 or 10 ft. 
in length. It is common practice to build them in one piece, although 
some prefer to have them in two or more segments to facilitate handling, 
especially inside the completed sewer. They are set on chairs or legs 
and can be adjusted to the proper height by means of wedges. After 
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the arch has been completed and the forms have been in place the 
required length of time, the centers are struck by loosening the wedges. 
It will be found convenient to have enough centers for a full day’s 
work, the length required varying greatly, but commonly ranging from 
24 to 48 ft. Arches turned one day may generally have centering 
removed the next morning; in fact, centers are sometimes struck with- 
out apparent injury to the work as soon as the masonry is completed 
and backfilled to a dcj)th of 1 or 2 ft. above the crown. Centers are 
usually set as soon as the inv(‘rts are (•om]>leted. 

The size of the lagging and thickness and spacing of the ribs are 
governed by the size of the sewer. C'enters should be made as light 
as possible to make them easy to handle, but they must be strong and 
rigid enough to rec('ive and support the masonry without deformation. 



When sewens are constructed in tunnel, block centers are more con- 
venient than full centers, although the latter may be used if very short, 
say 3 or 4 ft. in length. A block center is shown in detail in Fig. 136, and 
derives its name from the key block. The two large segments are first 
set in j)osition and through the space at the top between them the brick 
and mortar are passed to the masons, after which, as the work progresses, 
the sliort key blocks are placed and the arch is completed. 

WOODEN FORMS FOR CONCRETE SEWERS 

Forms and centers for concrete sewers differ from those required for 
brick, stone or block sewers in that they should have smooth surfaces 
and bejjractically water-tight. In selecting the tj-pe to be used and 
the material of which it is to Iw built, the chief considerations are light- 
ness and economy, as substantially the same character of workpianship 
can be secured with the several tyjies and materials provided the forma 
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are properly built and maintained. The first cost, cost of handling, i.f.,. 
placing, striking or collapsing, and pulling ahead, and cost of upkeep, are 
some of the essentials governing the selection. 

Of the three tyj)e8 of foniis in general use at the present time — wooden 
forms, wooden forms covered with metal, and steel forms — it is not 
possible to state arlutrarily which is the iiKWst economical to use as this 
depends largely upon local conditions. The design of forms winch can 
be economically and conveniently erected, struck and moved ahead un- 
der the A’aiy'ing conditions encountered in the construction of sewers, 
esf)ecially in deej) trenches, has taxed the ingenuity of many cxixjrienced 
sewer builders. 

The life of wooden forms is comi)aratively short. In many instances 
after b(‘ing used eight or ten tiiiu‘8 they have to Ik‘ j)ractically rebuilt, 
although many times the ribs cun be used again, the lagging only being 
renewed. When new and nicely built, wocMien forms give a siiumth and 
satisfactor>’ finish, but after re|)cated use, pateliing and repatching, 
they become so rough that the interior surface of the concrete is likely 
to l>e rougli and unsiiti-sfaetory. 

The diversity of tyi>cs of forms usecl upon this class of work is illus- 
trated by a number of drawings of fornw useil upon the construction of 
the new sewerage system in Louisville, 11K)7-lfil2, with which work one 
of the authors was intimately associated as consulting engineer, J. B. F. 
Breetl having been the chief engineer. 

Forms for Sewer 10 ft 7 im by 10 ft 1-1/2 in.— Fig. 137 gives the 
principal dimensions of the forms uw*d by the Ferro Concrete Con- 
struction Co. of C’lnciunali, in the construction of a horsebhot*-8hat)ed 
sewer 10 ft. 7 in. by 10 ft. 1-1/2 in., at Louisville, Ky., JIKM). 

This sewer was built in four ojMTatioiis. The invert concrete was 
placed first, then the brick paving laid, after whicli the side wall concrete 
was poured, and after this liad set the concrete of the arch was placed. 
Usually invert cencrcte ])laccd on one day had set sufficiently so that the 
brick lining could l>e laid the following day. The laying of tlic brick 
usually consumed a full day, the side wall fonns were placed in iwsition 
and the concrete poured the following day, and the forms allowed to 
remain 2 days for the setting of the c-oncrete, after which the centers 
were set and the arch concrete poured and usually completed the same 
day. The centers were left in place 4 days to pmvide for the setting 
of the concrete. In this way 36 ft. of the sewer were built in 6 days, oi 
an average of 6 ft. per day. 

The concrete of the invert was laid continuously from the end of the 
old work to a bulkhead placed 36 ft. ahead and was roughly screeded to 
overhead wooden templets. Before beginning the pouring of the con- 
crete, bench wall forms were so placed on each side and supported from 
the trench bracing that the concrete of the sidewall could be poured to a 
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height of about 2-1 /2 in. above the invert line, thua forming a projeotioit 
against which the side wall forms could be braced. After the concrete 
of the invert and bench walls liad set, the bench wall forms were removed 
and the brick invert laid. The side wall forms were then placed directly 
upon the brick invert and braced into position against the bench wall 
concrete, and securely stayed against the trench sheeting. After the 
side wall concrete had set, the up|)er portions of the side wall forms, A, 
Fig. 137, was removed and the (‘enters so set that they projected below 
the side walls alK)Ut (i in. The centers were wedged and supported from 
the lower i)ortions of the sidewall forms. 

The centers were made in two pieces cut through the crown and were 
fastened together either by allowing the rilw to project and nailing 
through them or by placing headers across the ribs and fastening the 
two abutting headers together. (Sec Fig. 139.) 

The concrete of the invert and side walls w'as carried to the sheeting, 
which was left in the trench. The outside jackets wcrt^ in sections 12 ft. 
long and 3 ft. 6 in. wide, and placed as shown on Fig. 137. 

The fonns were built throughout of yedlow pine lumber, the side 
wall forms and (‘enters being lagged with tongued and grooved flooring. 
The outside forms or jai^kets were lagged w'ith square-edged boards. 

Forms for Sewer 13 Ft. 6 In. by 13 Ft. 8 In. — The forms used in 1909 
by The Weber C'o., of C^iieago, in the construction of a reinforced con- 
crete sewer 1.3 ft, 0 in. by 13 ft. 3 in. in lx)ui.sville, Ky., arc shown in 
Fig. 13S. Tills sewer was built in three ofierations, the invert including 
the bench w'aU being first placed and wTccnled to templates, then the side 
walls were poured, and finally the arch concrete was plaoed. 

This sewer wa.s built in sections 20 ft. in length at first, but later the 
length of sections was increasfxl to 50 ft. The invert concrete was placed 
and finished in a single day. The side wall forms were placed and the 
side walls built during the second day, the side wall forms being kept in 
place 2 da>'s after the concrete had been poured, to provide for the 
setting of the oon(?rete, after which the centers were placed and the con- 
crete of the arch poured in a single day. It thus required 5 days to 
complete the construction of a section from 20 to 50 ft. in length. The 
centers were in general allowed to remain in place 7 days to afford 
time for the setting of the concrete, although during the warm portion of 
the year this lijne was somewhat reduced. 

The invert was placed continuously from the end of the completed 
work to the end of the section under construction, a bulkhead being 
provided at this point to hold the concrete in position. This bulkhead, 
with key strip and notches to provide for projecting longitudinal steel 
reinforcing bars, is shown in Fig. 138. 

Bench wall forms, constructed as shown in Fig. 138, were placed in 
position and securely fastened before the concrete of the invert was 
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Fig. 138. — Details of wooden forms for horseshoe sewer* I^ouiaville, Ky. 




Fig Fi9 — Wooden centers for large concrete sewers, I/)iiisville, Ky 



Fig. 140.— Outside forms or jackets covering fresh concrete, Louisville, Ky. 

(fttnng 402 ) 
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placed. Usually the concrete on the sides of the invert was mixed* 
somewhat drier than that in the center so that the weight of the bench 
wall concrete did not force the invert concrete out of [KMUtion. In some 
cases, however, the invert concrete was first placed the entire length of 
the section, after which the bench wall concrete was placed, the time 
intervening being sufficient to provide for the partial setting of the invert 
concrete. After the concrete of the bench walls had set, the bench wall 
forms were removed and the side wall forms placed in position and braced 
against the completed bench walls. 

After the concrete of the side wall had set, the rilis for the centers were 
placed in position and supported on the side wall forms. These ribs 
were made up in full sections, as shown by the drawing, and were carried 
forward without difficulty through the completed sewer under the 
centering in place. After the ribs had been placinl in jHisition the panels 
of lagging, W’hich were about 2-1/2 ft. in width, were placed U|Km the 
ribs and nailed to them sufficiently to hold them in place. There wore 
seven of these panels for each complete center 10 ft. in length. 

In some places ui)on this work the trench was so wide that to have 
entirely filled the apace between the side wall forms and the. trench 
sheeting would have reejuired a large unneetjssary quantity of concrete. 
At 8U(!h places 2 X 4-in. strips were driven into the ground, braced 
against the sheeting and sheathed on the side next the sewer with 3/ 4-in. 
boards, thus providing an outside form to hold the concrete in its proper 
place and restrict its dimensions in conformity with the requirements. 
Above the top of th»‘ side wall, outside jackets were used for this purpose. 
These jackets. Fig. 138, were in sections about 3 ft. wide and 10 ft. long 
and were placed in position as the concrete of the arch was brought up 
around the centers. Similar jackets are shown in Fig. 140. 

In this instance, as is usually the case, the jackets or outside forms did 
not come clear to the top of the arch, as the slope near the top was so 
slight that there was no difficulty in holding the concrete in proper posi- 
tion without forms. While this is common and good practice, care 
should be taken to avoid the placing of an unnecesswy surplus of con- 
crete along the top of the sewer, which may be caused by leaving the 
opening between the jackets too wide, and by lack of care in rounding 
off the concrete. 

METAt-COVERSD WOODBlf FOltMS FOR CONCRBTB SEWERS 

A sheet metal covering over wooden forms assures to the concrete a 
smooth finish and also prolongs the life of the forms. It is difficult to 
make the metal fit perfectly over the forms, and sometimes it is so 
thin and fits so loosely that it gives to the finished concrete surface a 
wavy appearance. Where the metal is of suitable thickness, No. 18 
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•or No. 20 gage (0.05 in. or 0.0375 in. in thickness, 2 Ib. or 1.5 lb. 
per square foot), well stretched and thoroughly fastened, this uneven- 
ness is not usually sufficient to constitute a serious defect. 

The finish obtained by using metal-covered forms is scarcely better 
than that obtained at first by the use of well-made wooden forms, but 
after the latter have been used several times the lagging becomes frayed 
and broken, after which the concrete surfaces are likely to be rough and 
have a finish much inferior to that obtained with metal-covered forms. 

The difference between the first cost of wooden forms and wooden 
forms covered with metal is due principally to the extra cost of the metal, 
the labor required for attaching it not being much greater than that 
required to dress and perfect the surface of the wooden forms, which cost 
is saved if the forms arc covered. The cost of handling metal-covered 
forms is about the same as that of handling wooden forms, while the cost 
of upkeep is generally much less, as the wear upon the wooden lagging, 
which necessitates its early renewal, is avoided. There appears on the 
whole to be little difference between the ultimate cost of the wooden and 
the metal-covered forms, although if the sewer to be constructed is long 
enough to reejuire the use of the forms more than eight or ten times it is 
likely that the metal-co\'ered forms will prove somewhat less expensive. 
Even with this type of forms, continued use generally results in more or 
less breakage or deformation, necessitating repairs. Where the sewer 
is very long and the work is prosecuted progressively from one end to the 
other, requiring the use of the forms many times, it is probable that 
steel forms will he found to give more satisfactory results at less cost than 
wooden or metal-covered forms. On the other hand, it is believed, 
at least by some practical sewer builders, that wooden forms are much 
more economical than steel forms for short sewers, say sections up to 
1000 ft. in length. 

Forms for Sewer 12 Ft by 12 Ft — ^The forms used in the construction 
of a 12 X 12-ft. semi-elliptical reinforced concrete .sewer at Louisville, 
Ky., by C. T. McCracken & Co., Columbus, Ohio, 1909, are illustrated 
in Fig. 141. It was first, intended to build this sewer in three operations — 
invert, side walls and arch — and the forms were built with that method 
in prospect. It was later decided to build the invert and bench waUs to 
the height shown on the drawing in one operation, after which the arch 
was to be poured. The supplementary bench wall form, Fig, 141, 
was therefore provided, but, as the lower portion of the arch form, B, 
had already been constructed, it was used throughout the work although 
had the lyigmal intention been to pour the concrete in two operations, 
this portion of the form would not have extended more than 2 to 4 in. 
below the top of the bench wall. 

The bench wall forms with the angle iron templates attached were 
first placed in correct position as to line and grade, the forms being hung 
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•from the trench brace« above })y means of chains and tumbuckles and 
braced from the sheeting. The concrete was laid continuously, and as 
there were no bulkheads used, except at the end of the day’s work, 
upon which the longitudinal reinforcing bars could be supported, these 
bars were placed upon small concrete blocks molded and placed in 
proper position upon the ground. The transverse bars for the side 
walls were held in place by notched scantlings, to wliich they were 
wired, which were removed before the <;oncrete was poured to the 
height of them. The notches shown in the invert bulkhead. Fig. 
141, were cut to allow the longitudinal rods to pass through the bulk- 
head recpiired at the end of the day’s work. As fast as the invert 
concrete was })laced, screeded and floated, the angle iron templates 
were removed and wluui this concrete had set hard enough to prevent 
its being for(H‘d out of place by fluid concrete placed upon it, the 
bench walls were poured. 

After the invert and bench wall concrete had set, the forms were 
removed, tlu' lowest two trench Ijraces were taken out and the arch 
forms wer(‘ s(‘t in proper position. These foriiw were carried down to and 
supported by blocking resting upon the finished invert. The arch forms 
were in three pieci's as .shown in Fig. 141. The bolt holes in the braces, 
UiK*d to hold the lower portions of the arch forms in correct jiosition, and 
the holes in the end ribs of these forms, were slotted so that the forms 
could be readily adjusted to slight irregularities in the concrete bench 
wall against which they were placed. 

The braiM's holding the bench wall forms in place were attached to 
them by bolts, so that they could be easily removed and the forms and 
braces carried ahead. I'he centers were dropped by knocking out the 
wedges between the bottom supporting timbers and the invert. The top 
braces were tlien taken off the lower portions of the centers, and the 
latter placed on a car, after which the top piece was lowered to the car 
and the whole pushed ahead under the centers still in place supporting 
fresh concrete. 

The outside forms were in panels of convenient size for handling, and 
were placed in position from time to time as the concrete was carried up 
around the centers. They were supported temporarily by wooden struts 
or spreaders, wedged against the centers, which struts were taken out 
before the conenfle reached them, and by braces driven against the 
sheeting, the latter remaining until after the concrete had set. 

The forms were lagged with 7/8-in. tongued-and-grooved flooring 4 
in. wide.^ The l)cnch wall forms and lower portions of the centers were 
covered with No. 18 sheet iron, and the upper portion of the centers 
with stove pijK? iron. 

The sewer was built in sections 48 ft. long. The invert and bench 
walls were poured in a single day, and the bench wall forms were allowed 
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to remain in place 2 days after the concrete had been placed. The 
arch forms were set and the concrt»te poured on the next day. Thus a* 
single section of sewer, 48 ft. in length, was built in 4 days, making the 
average progress 12 ft. per day. The arch forms, Mo^ being struck, 
were allowed to remain in place 5 days after the concrete had been 
placed. 

STEEL FORMS FOR CONCRETE SEWERS 

There are several tyfK's of patenttnl .st('el forms wdiieh u.sually ar«‘ ob- 
tained on a rental hasi.s, generally at a price fixed per foot of fonns 
rented. In estinuiting the cost of using aiieli forms, it should l»e borne 
in mind that the lessee is recjuired to pay the cost of unloading and load- 
ing the forms and hauling them from the cars to the work and from the 
work back to the cars at the end of the job. 

The finish of concrete poured against good steid fonns is usually ex- 
cellent, although at tinu's, e.‘*iMM‘ially in cold weather, then* is a tendency 
toward “fx*eling," which is more prevalent than when wooden forms 
are used. This '‘p(*eling,” which is the adhe.sion of a thin layer of the 
concrete to the c(‘nter when the latter is n*mov(*d, may Ik* caust'd in 
some iiLStances by the cooling of the concrete lu'xt to tin* stwl forms to 
such an extent as to prevent its w‘tting within the length of time the 
forms are allow(‘d to remain in place. 

Forms for severs from 24 to tiO in. in diameter, to l>e constructed 
either in one or two ojK^rations, may often l»e obtained from stock, but 
fonns for larger sewi'rs are coiistrueted upon orders in most cases. Most 
metal fornus come in sf'ctions 5 ft. in length, corresjmnding to the width 
(»f a single steel jilate, although when in use the smaller forms are 
fastened together in trains by means of eyes and wooclen wedges. 
When moving invert fonns, the wedges are knocked out and the indi- 
vidual sectioiLs are carried forward and reset . The arch fonns are moved 
in trains about '>0 ft. long on rollers. Where Hf)ecial large forms are 
used, tlie individual sections are bolted together in trains varying in 
length, but usually about 20 ft. long, and are carried forward on 
carriages, 

Rtwl fonns have lKH*n extensively made by the Blaw Steel C’onstruc- 
tion Co., of Pittsburg, Pa., and others. While some of these forms have 
been patented, enginei‘rs and contractora also build metal forms after 
their ow n designs. 

Some of the smaller st<*el forms have a certain amount of adjustability, 
amounting to from 3 to o in. in the diameter, so tliat, for example, a 
48-in. lialf-round form may be used for building both a sewer 48 in. 
and one 45 in. in diameter. This is accomplished by rotating turn- 
bucklci?, thus making the forms larger or smaller as desired for the work 
in hand. 





Fkj 14;i —Releasing half-round Rlaw invert foriiw propitratory to moving 
them ahead 



Fig. 144.— Tram of small steel fonns after bemg rolled ahead. 
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Fuj M") --Fullitm KM) feet of lM;i\v sled forms l!iroud‘ iHii>lie(l .“(-ffiot 
eofidiiit 



Fio. 14tj. — Full round Khiw form with tie rods, angle iron stiffeners and 
U lugs. 
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diffemg%^|l»cter but about 3 in., as for example, a 33-m. and a 364iu. 
sewer, set of forms is usually provided, the difference in siie 

being by an adjustment of the tumbuckles. Such forma for 

invert wid arch are shown in Fig, 142, in position to receive concrete 
and after being released and ready to be moved forward. The tie rod 
and tumbuckle, by means of which the centers are extended and drawn 
in, are also shown, as well as the rollers by means of which the centers 
are moved by rolling them along stringers supported upon cross braces. 

Fig, 143 shows a number of sections of 72-in. half-round Blaw forms 
in a trench, just released after being used for invert construction. 

Fig. 144 shows a train of Blaw forms fastened together and after 
being moved forward on rollers. If centers are to Iw moved in this way 
they can only be moved after the concrete has set, which limits the 
frequency of placing concrete to the period during which the centers 
must be left in place. If, therefore, the train of centers is limited to 
50 ft., and the centers are required to be left in place 4 days, the 
average progress of the arch cannot exceed 10 ft. per day. Greater 
progress will require the use of a greater length of centers, which should 
be broken up into train lengths of about 50 ft., for economical handling, 
one train after another being moved ahead. 

When half round steel forms ore used for building invert, they are 
usually hung from the trench timbers by chains spaced every 5 or 8 ft. 
By having small tumbuckles in these hangers, the forms nan be adjusted 
to the proper grade in a very short time. After the forms are in place, 
they should be braced at the sides to prevent any sway, and also a ver- 
tical brace should be placed at every other section to prevent the forms 
from rising while the concrete is being placed. After the invert forms 
have been in place the required time, they arc either turned over and 
used for the arch, or are pulled ahead and used for another invert. 
On the Louisville sewers, where the arch forms were required to be in 
place 4 days and the invert forms 2 days, usually 100 ft. of arch 
forms and 50 ft. of invert forms were used. After the invert forms hsve 
been removed, timbers are placed across the invert at intervals of 6 or 
8 ft., on which are laid longitudinal timbers. These are used to support 
the centers and as rails on which to roll the arch forms ahead as in Fig. 
145. By means of a windlass and block and tackle, six men can pull 
ahead 100 ft. of arch forms in trains of 50 ft. and place them ready for 
concrete in about 3 hours. 

When the small semicircular forms used for building inverts are moved 
they are generally dragged along the completed invert, without the use 
of rollers. The manner of assembling small steel forms is weD illustrated 
by Fig. 146, which shows the angle irons to which the tie rock are at^ 
tached,*the tie rods and tumbuckles, and the lugs pruvided for fastadng 
together the adjacent sections. This figure also shows the manner of 
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.coiiHtructing a complete cylindrical form. The angle irons placed on 
either side of the upj)er half arc slotted so that they will fit down over 
IJ lugs in the bottom half. After the up])er and lower halves are brought 
together in this manner, wedges are driven through the U lugs, thus 
holding the two i)art8 securely in place. The turnbuckles are then taken 
up to bring the form to the correct dimensions. 

Forms for Sewer 15 Ft. 6 In. by 16 Ft. 2 In. — The details of the con- 
struction of steel forms used by (lias. F. Fitch, of Louisville, Ky., 
subcontractor for masonry upon the construction of Section B of the 
Southern Outfall in Louisville, Ky., 1000, are shown in Fig. 147. 

This sewer wjls built in three, operations, invert, side walls and arch. 
The invert and bench w'nll concrete was usually placed in a single day. 
The following day the side wall forms were placed and the concrete 
]X)urod, after which the side wall forms were reijuired to be left in place 
2 days. Tlie arch forms were then placed and the concrete poured, 
whicli was usually dom* in a single day, after which the centers were 
rwiuircHl to be left in f)lacc 7 days before being removed. The 
minimum length of time re(iuired for the completion of a section of this 
sewer, which varied in length from 30 to 00 ft., was, therefore, 5 days 
or an average i)rogress of from 0 to 12 ft. ])er day. Gr(‘.ater progress 
was in fact made by working at several openings, which is common 
practice uj)on work of this size. It was usual upon this work, a.s 
upon the construction of mo.st of the other large sewers in Louisville, 
to lay the invert as soon as the trerich was excavated to grade, and 
it frecjuently happeuK'd that several sections of invert and sometimes 
more than a single section of side walls w'cre placed before the later 
operations were l)egun. 

The forms used upon this section are show n in Fig. 147. The bench 
wall forms w'cre similar to those u.s('d upon other w'ork and w^cre con- 
structed of w'ood. The side w^all forms wx're constructed of steel and 
were removed Indore the C(‘nter8 were })laced. The centers at first 
used were built of stwl and w’cre not collapsible. They w’ere braced 
by means of struts, as shown in the drawing, and moved forward in 
trains about 20 ft. in length. Later it was deemed advisable to rebuild 
the centers aiul make them coUapsibie. This w^as done by cutting the 
channels and plates at the crown and inserting hinges; at the same time 
the channels were reinforced with the stiffeners showm in the drawing, 
after which the diagonal and upi)er horizontal struts were not used. 
After remodeling in this way, the forms were moved ahead by lowering 
them, drawing them in and carrying them forward under centers in 
place. ^ 

Fonns for Sewer 14 Ft. by 13 Ft 8 In. — The forms used in the con- 
struction of a rcinforced'concrete sewer 14 ft. by 13 ft. 8 in. in .size, in 
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Louisville, 1909, by the American Engineering k Construction Co., of 
Chicago, lU., are shown in detail in Fig. 148. 

This sewer was built in three operations, the invert and bench walls 
being first poured, then the side walls and finally the arch. The placing 
and finishing of the concrete of the invert and bench walls usually con- 
sumed one day. The succeeding day the side wall forms were placed 
and the concrete was poured. These forms were required to be left in 
place 2 days after the concrete had been poured, after which the cen- 
ters were placed and the arch concrete poured in a single day. The cen- 
ters were required to be left in place 5 days after the pouring of the 
concrete. The length of time required to complete a section of sewer, 
which was usually about 25 ft. in length, was, therefore, 6 days, 
giving an average rate of progress of 5 ft. per day. 

The bulkheads, bench wall forms and outside arch forms were con- 
structed of wood. I'he side wall forms and the centers were constructed 
of steel. The centers were hinged at the crown so that they could be 
drawn in and moved forward through other centers in place sustaining 
fresh concrete. The bottom struts were removed from the centers after 
the concrete had been poured, so that the centers from beliind could be 
moved forward on carriages, as shown in Fig. 148. 

These carriages were equipped with jacks. Fig. 149, which could be 
fastened to the form ribs. After the centers had been moved to the 
proper location the jacks were extended until the forms were brought 
to the correct line and grade. Upon some of the Louisville work, the 
cars with attached jacks were removed after the centers had been se- 
curely brac(‘d to hold them in position. In other cases the centers 
were allowed to remain supported by and attached to the jacks 
while the concrete was being poured and until it had acquired sufficient 
strength to permit the removal of the centers. 

Forms without Internal Bracing. — In some cases forms have been used 
which required no intenial bracing for their support, being so rigid as to 
be self-supporting. Such forms were used upon a 13-1/2 X l4-ft. horse- 
shoe shaped sewer built in Louisville, Ky., 1909, and are illustrated by 
Fig. 160, 

Use of Steel Forms in Tunneling. — Common practice in lining tunnels 
with concrete is to use rings made of angle or channel iron, which are 
carried in and set up in place before the lagging is adjusted. The con- 
crete is then, or may previously have been, placed in the invert. As it 
is brought up on the sides, strips of lagging, either of wood or of steel, 
are placed against the rings, thus giving access at all times to the concrete 
for tanyf)ing purposes. When it is necessary to close the arch at the 
crown, the concrete is shoveled in from the end ring and thoroughly 
rammed. To make this practicable it is necessary to have the rings 
placed fairly close together and to use short lagging. The steel rings or 




Flo. 148- — Steel forms f<Mr horseshoe sewer, Louisrille, Kr. 
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ribs and the ribs with lagging in place, are illustrated by Figs, 151 and 
152, prepared from photographs taken of 76-m. tunnel centering used 
upon work for the Metropoh'tan Water Board, Boston, Mass., by James 
Hanreddy, Chicago, 111., contractor. For these photographs and several 
others used in this chapter the authors are indebted to the Blaw Steel 
Construction Co., of Pittsburg, which has made a specialty of collapsible 
steel forms. 

FORMS FOR SEWERS BUILT OF CONCRETE AND 
BRICK OR BLOCKS 

Many combinations of concrete and brick, stone, blocks or other ma- 
terials have been used in sewer construction to meet various conditions. 
Sewers have been built with concrete inverts and brick arches, brick 
inverts and concrete arches, and both concrete and brick in both invert 
and arch. The most common combination is the concrete invert with 
brick, stone or block lining and concrete arch. Forms for sewers built 
of brick and concrete are similar to those used for like purposes for sewers 
built entirely of citlier one of these materials. When the invert is lined 
with brick, allowance must be made in building the forms for the con- 
crete work, for the thickness of the brick and of the joint, which is usually 
about 1 /2 in. thick, between the brick and the concrete. If allowance 
for tills joint is neglected, it means either the cutting out of some of the 
concrete or the chijiping of the brick in order that they may be laid 
to the correct line and grade. 

BUILDING CONCRETE SEWERS IN ONE OR MORE 
OPERATIONS 

Where concrete sewers are built in two or more operations there is 
likely to be more or less trouble in securing good joints between the hori- 
zontal sections and there is usually some finishing required because of 
rough concrete due to the failure of the centers to fit exactly the concrete 
of tlie invert. It has therefore been found advantageous in the con- 
struction of a number of small sewers to pour the concrete of both invert 
and arch at one operation, thus reducing to a minimum the cost of chip- 
ping, patching and finishing the inner concrete surface. This has been 
successfully done in Louisville, Ky., upon sewers ranging from 2 to 4 ft. 
in diameter, but it is doubtful if it will prove practicable to build much 
larger sewers by this method. 

Oognnall sewers where the quantity of concrete per Imear foot is only 
a small fraction of a cubic yard, the cost of preparation for mixing and 
pouring concrete, such as placing mixing boards, hoppers, and chutes, 
which is a considerable item, is the same whether half or the whole of the 




Fig. Ill) — Moving rollapsfd Hlaw rrntrrs on travclor through other 
('(‘utcrs in place 



Fig. 150.— Interior of 14-foot Blaw centers without inner support or braces. 
• {Facing page 414 ) 



Fig. 152. — Steel riba supporting lagging and concrete tunnel lining. 
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sewer is built at one timei aHhou^^ in tbe latter case the quantity of con- 
crete placed is nearly double the quantity handled in the former. The 
cost of preparation per cubic yard, therefore, is only about half os much 
where the work is all done at one time. 

By completing the sewer in one operation the length of open trench 
required is somewhat shorter than if the invert is first laid and allowed to 
set before the arch is poured. 

It has also been found somewhat chea|)er to handle the full round 
forms than the half round forms. The costs of ertn'ting, striking, and 
moving forms upon five sewers of about 1000 ft. Iciigth each are given in 
Table 00. 


Table 06. — Cost or Ehkctino, Htrikino, and Moving Full Round and 
Half Round Forms. Per Linear Foot of Sewer Built 


Typ«‘ of form* 

1 in 

42 III i 

4H in. j 

H in. 

Full round wooden forms . 
Half round steel forms . ... 

. . ! $0 45 * 

: 1 

$0 43 1 

0 70 ' 

$0 45 1 


$0.79 


It appears that the cost of handling the full round forms was only 
about 00 |>er cent, as much as the cost of handling the half n>und forms, 
assuming the cost of handling wood and stend forms to be th(‘ same, which 
seems to be a reasonable assumption for forms of these sizes. 

Wlieii full round forms arc u.sed, they are generally supjKirt-ed on con- 
crete blocks. These blocks are made aliout 14 in. long, the length l>eing 
taken at right angles to the line of the st'wer, the up|)er surface conform- 
ing to the inside curv ature of the wjwer. The depth of the block must 
not Iwless than the rfK|uired thickness of the concrete of the sewer invert, 
and it has been found that better results can usually l)e obtaiiiwi if it 
is an inch or tw'o greater. The width of the block parallel to the axis 
of the sew’er is about 8 in., thus allowing sufficient l>earing for the forms. 
After the liottom of the trench has been properly graded, the blocks arc 
set carefully to line and grade, and the forms are then placed upon them 
and arc securely bracini at the sides and top to prevcni any movement 
while the concrete Is lieing placed. F^ipecial care should be taken to 
brace the fonus down, as otherwise they may float upon the fluid con- 
orete and be thrown out of alignment. 

FttO Somid Wooden Forms for Building Concrete Sewers at One 
Opeiitkm. — Figs. 153, 154 and 155 Olustrate the wooden forms de- 
sired and successfully used in 1911 by F. C. Williams, Division 
Engineer, Commissioners of Sewerage, Louisville, Ky., for tlie construc- 
tion of a sewer 3 ft. in diameter and about 3000 ft. in length, lliis type 
of form has been used by him in the construction of several other sewers 
and has always proved economical and satisfactory in all respects. 
Fig. 153 shows the cylindrical forms and the outside jackets in place. 
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The sketch also indicates how these forms can be used for building the 
sewer in two operations, if for any reason that method of procedure is 
desirable, the concrete of the invert being shown as completed for a 
portion of the distance, and the bulkhead being shown in place to re- 
tain the fluid concrete of the arch. 



Isometric View. 

Fio. 153. Wooden forms for building circular sewer in one or two opera- 
tions, Louisville, Ky. 

The inner forms are built in sections 7 ft. 10-1 /2 in. long, each section 
consist^ of four panels, shown in details G, H and /, Fig. 1 55. A skele- 
ton support consisting of rings held together by two stringers, one at the 
top and one at the bottom, is first placed in position in the trench. The 
panels are placed upon and attached to this skeleton support as shown in 
Fig. 154. 
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Wien the concrete has acquired a sufficient degree of hardness, the 
top and bottom stringers holding the skeleton ribs in place are removed.' 
thus allowmg the nbs and panels to be coUapsed and carried out through 
other forms supporting fresh concrete. It wiU be noticed that there is no 
internal bracing required by these forms, so that the space inside the 
skeleton ribs is entirely free and there is no obstruction to interfere with 
carrying forms through them. 

For the construction of a sswer 1100 ft. in length, 04 ft. 6 in. of inside 
forms and 48 ft. of outside forms were provided. The dimensions. 


( (Jpptr QuarHr ef H Sh 0 w hlwntr ) 

IS'6\ ... I* t -M 5Vr 



Cro»» SfctionOHB. 

Fio. 154.~FuII rouiul wooden forms, Louisville, Ky. 


quantity of lumber and nuiiilier of sawed, curved pieces required, the coet 
of lumber and millwork and labor entering into the building of these 
forma, are given in lable 67. AH curved pieces were purchased cut to 
template at a local mill so that the waste and profit are included in the 
unit prices. 

The total cost of the forms was $180.84, the inside forms cniSlng $ 1.72 
and the outside forms 38 cents per linear foot. The total cost of build* 
ing these forms was 16.4 cents per linear foot of sewer constructed. 

This sewer required 0.22 cu. yd. of concrete per linear foot, upon whi«* 
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basia the first cost of forms was 74.5 cents per cubic yard of concrete. 
The forms were in such good condition nt the end of the work that they 
were used for the construction of another sewer 700 ft. in length, making 
a total of 1800 ft. of sewer constructed with these forms. Upon this 
basis the cost of forms was 10 cents per foot of sew'er built with them, or 
45.5 cents per cubic yard of concrete. The forms at the end of the work 
were in such condition that they could be no longer used. In general, it 
is found tluit such forms can be used for the construction of only about 
1500 ft. of scw(‘r. 


T\ble t)7 . — A(’tu\l Cost of Full Round Fokms Required for 
CoNURETK Sewer .'i(>-iN in Diameter, Louisville, Ky., 1011 


.\an»* of pH’ce 

N’limbrr iirid 
diitu-nsiiitiH of 

1 nit cost 

Cost of 
lumber 
and mill 
work 

Cost of 
labor, 
erecting. 

Total j 

Cost per 
foot of 


j)|ppi*» 


fitting, 

etc 

1 

forms 


limiilo forniH 





Ciri'U'M for tiki'lolou 

114 liuX23iii. 




' 


forriiH 

72 -i in X 24 J in 
144 -Jit* X121 in 

|() 0.0 

*1« 00 

JIT) 70 

$33 70 

$0 3506 

I’anpln — ribn, 

21(1-2 in X 2.31 in 

0 O.K 

]'.* 20 


1 


JuggniK 

IMMli f( H M 3i 

$2!> per M 

27 M 

.’ll .W 

08 54 

1 0428 


in isidt* (tongue 
no( inel in U M ) 




1 


Htringorn 

12 — 2 in >4 in 
I.’’! ft -“(> 111 

10 24 

2 HH 

1 30 

4 18 

0 0442 

Anglf ironH 

in X 1 in 




1 



y in X Ti in 

0 l.’-i 



21 GO 

0 2280 

HoltJ^ 

114— i in 

tl 20 IMT 


1 

1.20 

0 0127 



gross 



■ 


Srr*»w8 

2S.S -I in 

$0 4H p«‘r 

1 


0 00 

0.0102 



grUHH 





NaiU 



j 

i 

2 3oj 

0 0248 


1 



Total 

$102 48| 

$1 7194 


OiiUtide forms 





l^aucb — nlw. 

(W) -2 in X 31 in 

fO 10 

6 00 




lagKing 

2HH It B M 1 m 

S20. ix>r M 

1 

5 7fi , 

G GO i 

' 

IH 3G' 

0 3825 

1 


1 

1 <lr( 

and total 

$180 84 



* FI(K>nnir~ tonjtiK’d aiul gnH»v«Hl 3J in fliKtring waa aonn'tinipa u*<hJ when narrower 
ainck cuuiii not be obtained aithouKh in 8tri|M are too wide for a 30 in. itowur 
» For 48 ft. 


There were 94 ft. 6 in. of inside and 48 it. of outside forms built 
in accordance with Figs, 155, 154 and 155. 

Whfti full round wooden forms are used, they should be thoroughly 
water-soakcil before being placed in the trench, otherwise the water 
in the coiicrt‘te will cause them to swell and crack the sewer the 
whole length of the run. These cracks usually appear on each side 





PROFILES, TEMPLATES, FORMS AXD CENTERS 419 

of the arch near the top of the outside jacket. When they were first- 
noticed at Louisville, it was thought that the key strip that is always 
plac^ along the top of the forms after they are erected, was too tight 
hut It was afterward proved that the lagging itself had swelled about 
1/16 m., thus causing the fracture in the concrete. Wooden forms, espe- 
cially when new, should be protected from the sun, otherwise they will 
dry out, causing the joints to o])cn so that when the concrete is poured 
tlie thin mortar will run into and through them giving to the concrete a 



Fig. I. 

Plan or Paneh, 

Details of Panels. 

Yui V55 — tk-taits ol fuU mund forma, Ky. 

rough surface wliich must be cliipped, pointed and smoothed, involving 
much expense and producing re^sults which arc not as satisfactory as 
those produced by tiglit forms. After being used once or twice the 
forms give no further trouble on account of swelling. After the femns 
have been struck they should be thoroughly cleaned and oiled before 
being used again. 
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Two-Stage Operations. — It is usually necessary to construct sewers 
and drains having flat bottoms in at least two operations, because of 
diflSculty encountered in getting the required smooth finish on the invert, 
if the concrete for both invert and arch is poured at one time. 

In Louisville a 12 ft. X 12-ft. semi-elliptical sewer, Fig. 141, was very 
successfully built in two operations. The invert and side walls, 26 in. 
high, were run first, the concrete extending back to the sheeting thus 
avoiding the use of outside forms. The lowest set of trench timbers, 
which came 4 in. above these walls, was removed 48 hours later, the 
concrete thereafter serving to brace the sheeting. Four days after the 
arch was poured the centers were collapsed and moved ahead, through 
other forms in place, and set up ready for another run. 

When a sewer is so large that it cannot be built in two operations 
because the trench braces cannot be removed without endangering the 
stability of the banks, the structure must be built in three or more opera- 
tions, I.C., invert, aide walls and arch. This is also true where the design 
of the sewer requires the construction of walls which are straight or 
nearly straight, as in horse-shoe shaped sewers, and it may also apply to 
reinforced concrete sewers where it is necessary to place certain portions 
of the steel from time to time as the concrete is placed. Occasionally 
large sections are built in one operation, as was the case on the 17-ft. 
Kensico aqueduct of the Catskill system of the New York water works 
(sec Eng. Record, May 3, 1013). 

SPECUL FORMS 

Forms for Manholes. — It is entirely practicable to build satisfactory 
manholes of concrete, although in many cases it is probably cheaper and 
more convenient to build them of brick. Fig. 156 shows the forms 
necessarj" for constructing a concrete manhole upon a sewer 13 ft. 6 in. 
in diameter. These forms provide for a manhole on the side of the 
sewer, which is the best location on large sewers. The manhole is 4 ft. 
in internal diameter at its base, and 2 ft. 2 in. at its top (an unusually 
large manhole). The low'er portion is cylindrical and can be carried up 
to any desired height so that the same conical forms can be used for 
pouring manholes of different depths. These forms are collapsible, it 
being necessary only to remove the cleats holding the rib segments 
together when the lagged segments can be taken out, the strips of lagging 
over the joints not being rigidly nailed to the ribs. 

Fig. ly shows the forma necessary for building a concrete base for a 
brick manhole on a concrete sewer 36 in. in diameter. The section 
in that illustration shows the inside manhole form in place, attached to 
the sewer forms, after pouring both the concrete of the sewer and the 
concrete of the manhole base. 



Plan Flooring 



Ra- 156. — Fbrma for concrete manhole, Louesville, Ky. 




Fig. 158.— Wooden junction form for 5-ft. and 3-ft. connecting sewers. 
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Fonns for Curves and Junctions. — Where concrete is used for the con- 
struction of sewers it is probable that in many cases the special struc- 
tures can be built more cheaply of brick, as much less form work will 
be necessary. It is practicable to build such structures of concrete, 
however, if found to be economical. Fig. 158 shows the inside forms 
used for the construction of a junction between two sewers, 5 and 3 ft. 
in size, respectively, the sewer below the junction being 5 ft. in diameter. 
Fig. 159 gives the dimensions of the forms required for this junction. 
As in most cases such forms can be used but once, they may be built 
in a less permanent and durable manner than forms which are to be used 
over and over. If care is used in laying out the ribs and in lagging them, 
a satisfactory finish and curvature may be obtained. It will be found 
that thin strips of lagging, from 1 /2 to 3 /4 in. in thickness, will be 
amply strong for the smaller sizes, say up to 8 ft. in diameter, and the 
curves can be made much more satisfactorily than with thicker lagging. 
In many cases, especially where the trenches are deep, it may be found 
desirable to put the ribs together and erect and lag them in the trench, 
as it will be found difficult, if not impossible, to lower forms already 
lagged and in large pieces into the trench on account of the large number 
of braces across it. 

KIND AND QUALITY OF LUMBER FOR WOODEN FORMS 

In an article entitled “Inspection of Forms and Centering” {Eng. 
and Cant., vol. xxxvii, p. 201) Jerome Cochran gives many valuable 
suggestions pertaining to the making and use of foims for concrete 
construction. Many of these suggestions are applicable to forms used 
for the construction of concrete sewers. With reference to the kind 
of lumber to he used he states: 

“The kind of lumber to be used for forms depends upon the desired results 
and prio<*. White pine, yellow pine, spruce, Oregon pine and redwood are 
suitable for forms. Yellow pine lumber is found to be excellent for forms; 
owing to the large amount of pitch contained, it absorbs water slowly and 
holds its shape. Norway pine and fir lumber are also suitable for forms for a 

similar reason For ordinary work, however, even for panels, 

whito pine is generally apt to be too expensive, and other lumber should be 
substituted for it. Hemlock is unreliable and should be used only w'hen 
abstdutely necessary and then only in the roughest kind of work. Oak is 
hard to nail, expensive and imprints grain marks on the concrete even when 
the form is thoroughly wetted. 

The lumber must not l>e so dry that when soaked by the 
concrete i^'ill swell so as to bulge and distort the forms, nor so green that it 
will shrink so as to leave op<*n joints that will show plainly on the face of 
the w'ork. A slight tendency of this kind, however, may be checked by 
k^ing the boards thoroughly wet with water until the concrete is placed. 
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Kiln-dried lumber, therefore, is not suitable for form construction because 
of its tendency to swell when soaked by the concrete, and green lumber is 
undesirable on account of liabUity to check and warp. Partly seasoned 
lumber is therefore the best. ^ hen it comes to a choice between green and 
dry lumber, green lumber is preferable because it is less affected by the 
water in the concrete. 

“ . . . . The form boards used on all exposed surfaces should be of 
dressed lumber and closely fitted in order to secure the best results in appear- 
ance and surface finish of the work. The lumber for face work should be 
surfaced on one side and two edges and dressed on the face side to even 
thickness, and may be tongue-and-groove flooring or similar lagging. 
Tongue-and-groove boards, however, are more expensive than boards sur- 
faced on one side and on the edges, which will generally answer for most 
work. A principal objection to the use of tongue-and-groove lagging is 
that there is no opportunity for it to expand, and, again, the planks are 
particularly hard to place a second time. 

“For backing and other rough work undressed lumber may bo used. 
Undressed lumber should be used where the concrete is to be plastered. In 
other words, forms for non-exposed surfaces may be rough lumber but should 
be water-tight.” 

COST OF WOODEN FORMS 

There are a large number of varied elements which (*nter into the cost 
of the forms required for building concrete sewers, among which may 
bo mentioned the rate of progress and the resulting length of forms 
required to complete the work in the prescribed time, the length of period 
which must elapse after concrete is poured and before forms may be 
struck, the amount of special form work which can be used but once, 
such as forms for junction chambers and curves, and the length and 
number of different sizes of sewers to be built under a given contract. 


Table 68. — Cost op Labor and Matorials Required por Building 
Wooden Centers at Worcester 


8i»e 

1 No. of cent**™ 

Cont jxT foot of r«nt»>r 

24 in. 

6 

SO. 225 

28 in. 

6 

0.347 

27X40 in. 

4 

0.473 

48 in. 

5 

0.718 

60 in. 

8 

0 768 

69 in. 

12 

0.948 


The cost of building centers suitable either for brickwork or for con- 
crete sewers in Worcester, Mass., from 1902 to 1905, varying from 24 
to 69 in. in diameter, is given in Table 68. 

The ‘cost of wooden forms varying in size from 36 in. in diameter to 
6 ft. by 9 ft. 10 in., are given in Table 69. These costs are merely 
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given for illuHtrative purposes and should not be used without care- 
ful checking against local conditions, for in addition to diversity in 
coat of labor and materials in different parts of the country, difference 
in prices may result from a variation in the length of sewer to be built 
with a given set of forms and the quantity of concrete per linear foot 
of sewer. If the sewer is of massive construction, requiring a large 
(luantity of concrete per linear foot, the cost of forms per cubic yard of 
concrete will be relatively low, whereas if the sewer is of thin section, the 
cost per cubic yard of concrete for forms will be relatively high. 

In building the sewer at Kalamazoo, Mieh., item 4, the invert was formed 
by means of templets, to which the concrete was screeded. After the 
concrete had set, the areh forms were placed and the remainder of the con- 
crete poured. 

The South Bend si'wer, item 5, was built by placing vortical lagging along 
the sides in line with the outside lines of the sewer, carrying it as high as 
the springing line of the arch. Invert templets equal in length to about 
one-third of the circh* were set to line and grade and spaced 3 ft. apart. 
The invert was then completed to a point about 18 in. above the grade line. 
Side forms for the invert were then set, e.xtending up to the spring line. 
After these forms were filleil, the eenters, made m two pieces, were set, to- 
gether with jackets or outside forms, extending up on either side about 45 
deg. from the springing line. 

The sewer built in Waterbiiry, Conn., item 0, had vertical side w’alls and 
was formed by first laying down the invert and then placing forms upon it. 
The centers were composed of two sections, the first, 20 in. Ingh, formed the 
side walls, and was rectangular in section. The center rested on top of this 
and outside forms were placed reaching about 45 deg. from the springing 
line. 

At Worcester, the sewers were built by setting “formers," or ribs, to lino 
and grade. The I’oncrete forming the bottom of the invert was then roughly 
placed and 2-in. planks, shafied to conform to the curvature of the ribs and 
the sewer, were placed between the concrete and the under aide of the ribs. 
After the bottom concrete was placed, these planks were brought up on the 
side, as fast as the concrete was poured. After the invert built in this man- 
ner had set sufficiently, centers were placed and the concrete of the arch 
poured, the concrete being held in position on the outside by “arch formers" 
similar to those used in forming the invert. 

The water works conduit at Newark, N. J., item 11, was built in one opera- 
tion. The forms were op(‘n at the bottom for about one-sixth of the circle, 
and this portion of the invert was shaped and screeded by hand. The out- 
side forms consisted of steel angles, bent to the shape of the conduit and 
held at the bottom by stakes driven in the ground. The tops of these angles 
were held |ogether by 1/2-in. tie rods. These angles had small lugs bolted 
onto them at intervals, which held 2-in. plank, slipped down as the concrete 
progressed. 

It may be said, in a general way, that wooden forms required for 
building small concrete sewers, from 24 in. to 6 ft. in diameter, w’ill 
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usually cost from 75 cents to $2.50 per cubic yard of concrete, and 
from 25 cents to $1.00 per linear foot of sewer. 

COST OF STEEL FORMS 

As in the case of wooden forms, the cost of steel forms varies greatly 
with local conditions, among which may be mentioned as particularly 
important the length of sewer which is to be built with a given set 
of forms and the type of forms to bo used, whether standard or special. 

In all parts of the United States east of the Mississippi River standard 
prices can be secured for standard apparatus, by which is meant forms for 
circular sewers of relatively small sizes. If the sewers are of large size 
or special dcisign requiring the construction of forms for the particular 
work in hand, the prices may considerably exceed those quoted for 
standard forms. 

To assist in making preliminary estimates of cost, prices of centers 
from 20 to 72 in. in diameter, which may be assumed to approximate the 
prices which can be obtained from manufacturers for centers to be used 
east of the Mississippi River, are given in Table 70. These prices should 
be used with caution as quotations may \&ry materially from time 
to time. 


Table 70.— Apphoximate Rental Phiceh of Patent Semicircular 
Steel Forms 20 to 72 In. in Diameter 


HiiP 

Price per linear foot of form 

20 in to 30 in. 

$1 00 

36 m. lo 48 in. 

1 50 

51 in. to 60 in. 1 

2.00 

63 in. to 06 in. i 

2 50 

72 in. to 84 in. 

4 00 


Note . — The prices given cover the use of centers for a period of 9 months 
and include all freight charges so that the only additional expense to the 
contractor is that involved m unloading, hauling between the cars and the 
work and reloading the forms when the work is finished. For points 
west of the Mississippi freight rates from the eastern shipping points 
must be added to standard prices. 

Most manufacturers usually send erecting foremen to superintend 
first erection and to instruct the user in the economical handling of the 
forms. In some cases where this is impracticable an additional charge 
is made if the user desires the assistance of an expert. 

CLEAND^p FORMS PREPARATORY TO POURING CONCRETE 

Forms should not only be made sufficiently strong to carry the loads 
imposed upon them, but they should be so made as to assure to the oon- 
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Crete a suitable surface. The inside surface of a sewer should be as 
smooth as it is practicable to obtain, and for this purpose the forms should 
be made smooth and water-tight. The outside surfaces need not be 
smooth, and therefore the forms may be made of rough lumber and need 
not be water-tight, although they should not allow any material quantity 
of water to run away from the mass of concrete. 

The requirements of the contracts under which the Louisville sewers 
were built, from 1908 to 1911, stipulated that the forms must be so con- 
structed as to insure a true and very smooth interior surface on the 
finished concrete, that the designs for the forms should be submitted 
to the engineer for approval before they were built, that care should 
be taken to prevent shavings, sawdust and other wastes resulting from 
the making of forms and centers from becoming embedded in the con- 
crete, that forms should be thoroughly cleaned of cement and dirt and so 
prepared, or covered, that they might be readily removed, leaving the 
concrete with a smooth, presentable surface, and that they should be 
8ub^■tantially water-tight. 

Just before and after setting centers and forms such as those for side 
walls in order to complete a structure already partly built, particular 
care should be taken to clean the concrete surfaces upon which fresh 
concrete is to be placed. Sticks, chips, shavings, oil and dirt, of all kinds 
accumulate on such surfaces during the placing of the forms. Sand, 
clay or other substances may fall from the banks or from hoisting and 
conveying apparatus, or it may be washed into the trench in times of 
storm. Concrete surfaces, particularly where reinforcement is used, are 
often hard to get at, shaded so as to be difficult to see, and in many 
ways hard to clean and inspect. Nevertheless they must be scrupu- 
lously cleaned if a good bond is to be secured. The authors have found 
sand pockets several inches long and thick and deep enough to permit 
running the hand several inches into the concrete at the junction of 
the side wall and arch. Under such conditions, it matters little upon 
what theories the design of the sewer is based. 

LUBRICATION OF FORMS 

There is a tendency for concrete to adhere to the forms and for a 
thin layer of it to break away from the structure, thus causing more 
or less roughness of the surface. To obviate this defect as far as pos- 
sible, all the surfaces of forms which come in contact with concrete 
should be well oiled before the concrete is placed. Paraffine oil wm 
generally used upon the work done in Louisv’iJle, Ky., and gave satis- 
factory results, especially with wooden forms. 

During the cold winter months, whten there is a tendency toward 
“peeling" where steel forms are used, it may prove desirable to use 
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heavier oil, which will reduce this trouble. The use of such oil, however, 
is somewhat unsatisfactory as it adheres to the surface of the concrete 
after the forms are removed, making work inside the sewer dirty and 
disagreeable. Many different kinds of oil were used, with varying 
degrees of success, but it was found that the best results were obtained 
with cup grease where it was necessary to use a heavy lubricant. 

On the Metropolitan Sewer System in Boston, where wooden forms 
covered with galvanized iron have been extensively employed, kerosene 
or coal oil has been used with 8ati8factor>' results. 

Soap is sometimes used for lubricating forms, and is particularly useful 
in smoothing up forms for junction chambers and other special struc- 
tures, where there are numerous angles and corners. Soft soap is well 
adapted for ordinary' lubrication, and hard soap may be used to advan- 
tage in filling small spaces and irregularities in the forms. 

Cochran suggests the use of petrolatum cut down with three parts of 
hot kerosene, for the ordinary oiling of forms. He also suggests that 
where forms arc to be used repeatedly it may prove advantageous to oil 
them when new with three coats of boiled linseed oil, and where forms 
arc for surfaces that are to be whitewashed, grouted, or plastered, a treat- 
ment with boiled soup applied hot may be preferable to treatment with 
oil or grease, as the soup will prevent adhesion of the concrete to the 
forms and will not injure the surface or diminish the strength of the 
concrete {Eng. and Cant., vol. xxxvii, p. 201). 

LENGTH OF TIME FORMS SHOULD BE LEFT IN PLACE 

There is some difference of opinion among engineers and practical 
sewer builders as to the length of time forms should be left in place. 
This period depends upon temperature, humidity, the setting time of the 
cement, the size and character of the structure and the load to be placed 
upon it. During hot summer weather concrete ordinarily sets rapidly, 
and a period of from 24 to 36 hours will in most cases be sufficient for 
invert and side wall forms and 48 hours for arch forms. The time 
required for the concrete to acquire sufficient strength to permit the 
removal of the forms with safety will be shorter in summer than in w inter 
when the concrete sets much more slowly. Centers should, of course, 
never be removed while the concrete is frozen. Forms used for large 
sewers and other similar structures should remain in place a greater 
length of time than forms for small sewers under similar conditions. In 
all cases and at all seasons of the year the trench should be backfilled 
to a height somewhat above the top of the sewer, probably 2 ft., before 
the arch forms are struck. This filling should be placed in relatively 
thin layers, uniformly on both sides of the arch, and thoroughly tamped. 

The contracts under wliich the Louisville sewers were constructed 
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specified that the centers should not be struck until the backfilling had 
been completed to the height of a horizontal plane 2 ft. above the top of 
the completed masonry, and that the centers should never be struck 
without the consent of the engineer upon the work. The length of time 
the centers were required to be left in place was varied according to the 
size of the sewer in question. For the larger sewers, ranging from 10 to 
15.5 ft. in diameter, it was stipulated that the centers should remain in 
place 7 days. Upon smaller work, this time was reduced, the minimum 
for sewers from 2 to 6 ft. in diameter being 4 days. As a result of the 
Louisville experience, it is felt by the engineers upon this work that the 
length of time the centers were required to be kept in place might have 
been somewhat reduced under most conditions, without danger of injury 
to the concrete. 

The side wall forms, which were used only upon the larger work, were 
required to be left in place until the concrete had acquired a hard set, 
which was usually from 24 to 48 hours after it had been poured. 

In response to an inquiry regarding the practice of the Board of Water 
Supply of the City of New York in removing forms used in the construc- 
tion of the cut-and-cover aqueduct, Alfred D. Flinn, Dep. Chief Eng. 
states: 

“The specifications stipulate: 

“Directions as to the time of removing forms shall be strictly followed 
and this work shall be done with great care so as to avoid injury to the con- 
crete.” 

In general, directions were not given, the contractors not being required 
but allowed to remove forms, the average minimum time being after 
24 hours during hot and favorable weather to 72 hours at the end of the 
season. Exceptions to this occurred, however, particularly in the case 
of slow-hardening and sticky cement, 72 hours being the average mini- 
mum time. This time for removing forms permitted desired prog- 
ress with a minimum number of forms and made the work of finishing, 
where required, easier." 

In December, 1908, Albert C. Lehman, Manager of the Blaw Steel 
Construction Co., of Pittsburg, Pa., published {Eng. Record, vol. 
Iviii, p. 664) the opinions of engineers upon the length of time that 
centering should be left in place in concrete sewers. In giving their 
views, the engineers were requested to leave out of consideration differ- 
ences in cement, the percentage of reinforcement and the depth of bwk- 
filling, that the replies might be as nearly comparable as possible. Silty 
repUes were received, the results of which appear in fable 71. 

In Chicago, on a heavy concrete sewer 8-1/2 ft. in diameter, backfilling 
was permitted in 24 to 36 hours after placing concrete. Forms were re- 
moved in from 2 to 4 days. In Baltimore, centers 12 ft. 3 in. in diameter 
were removed in 48 hours, and earlier on some occasions. 

28 
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Table 71.— Opinions op Enoineers as to Necessary Period of Time 
between Pouring of Concrete and Striking op Centers upon 
Sewer Construction 


Diameter of newer 



Period of time in hours 

Max. 

Mm 


2 to 5 ft. 

96 

12 

90 per cent, of reports in 36 hours 

6 to 9 ft 

96 

24 

60 per cent, of reports in 48 hours 

30 per cent, of reports in 72 hours 

10 to 12 ft .. 

144 

48 

90 per cent, of reports in 72 hours 

16 to 20 ft . . 

240 

48 

60 per cent, of reports in 72 hours 

30 per cent, of reports in 96 hours 


HANDLING FORMS 

Wooden forms are usually made to collapse in sections 8 or 10 ft. in 
length. There is so little room for a man to work in sewers 30 in. or 
less in diameter that it has been found cheaper to remove the forms from 
the rear rather than try to take them ahead through other forms in 
place. A low flat car about 8 ft. in length and 12 in. in width, with a 
rope attached to each end, can readily be drawn back and forth as fast 
as the forms can be loaded and unloaded. This is quicker, cheaper, 
and keeps the forms in better condition than trying to drag them out, one 
on top of the other, as is often done. In flat bottom sewers, 5 ft. in 
diameter or larger, the forms may be carried out on cars run on tempo- 
rary tracks. 

When steel centering is used, special carriages or travelers, Fig. 160, 
are usually designed for carrying them ahead, as already described. 
These carriages may be provided with vertical jacks and collapsing side 
arms which are attached to the sides of the sections for pulling them in 
and away from the concrete. In operating the carriage for moving the 
forms, the vertical jacks are first run up until the yoke end of the jack 
engages the top hinge rod, the side arms then being swung into position 
and fastened to flanges near the springing line of the centers. The side 
arms are then drawn in and the vertical jacks lowered until the forms 
have assumed a position which will permit them to pass through the 
sections that are in place ahead. 

The cost of handling forms in trench is a substantial portion of the 
cost of the masonry, a fact which should be borne clearly in mind when 
the forms are being designed, as the type of forms may have a very 
important influence upon this item of cost. The cost of handling forms, 
inoludiim erection, taking down, cleaning, and moving forward, varies 
greatly, out upon relatively small work, such as sewers from 2 to 6 ft. 
in diameter, it may be estimated at from S0.50 to II per foot of sewer. 
Futther data upon this subject aie given in Table 69 and the accompany- 
ing text 
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CONTRACTS, SPECIFICATIONS AND DRAWINGS 

The construction of extensive municipal works is generally carried 
on by contract in order that the operations may be conducted by men 
who, it is assumed, are specialists in directing workmen and using 
machinery so as to accomplish the desired ends with a minimum ex- 
pense. It is also usually assumed that there is not enough municipal 
work going on regularly to keep a large force of city workmen employed 
in an efficient way, and it is quite generally held that politics so interfere 
with the management of work carried on by the city itself that efficiency 
is impossible and even the quality of the work suffers. The authors do 
not hold such an extreme position, and after considerable experience 
in executing large and small sewerage work both by day labor under 
their direct charge and by contract, they have found such advantages 
and disadvantages in both systems that the choice between the two in 
any given case should not, in their opinion, be determined without a 
careful consideration of local conditions. Where the difficulties of con- 
struction are certain to be numerous or there must bo frequent changes 
in some of the details of foundations, underdrains and the like to meet 
changes in the ground in the bottom of the trench, an experienced fore- 
man with a force of good muncipal laborers will probably build a better 
small sewer than a contractor will construct. Where the work is with- 
out serious difficulty and the city is without experienced men to act as 
foremen, a contractor will probably build a good system at less expense 
than the city. Between these limiting conditions are many combinar 
tions of circumstances which it would be a waste of time to attempt to 
enumerate and discuss. 

If a contractor is to be engaged, it is desirable to prepare a form of 
contract, a set of specifications and enough plans to make perfectly 
clear just what the city wishes and the contractor agrees to do. Un- 
fortunately the English language is sometimes used so poorly that the 
meaning of a clause in a contract cannot be understood by city or con- 
tractor, and this meaning must then be determined by judge or jury. 
For this reason, therefore, clearness of wording and cerrectnees in 
drafting are highly desirable. 

Even when a requirement is perfectly clear, a controversy may arise 
over its legality or equity. The city of New York has endeavored to 
avoid such disputes by writing into its general form of contract a clause 

i33 
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meeting every litigated case in which it has been a loser through an 
adverse judicial interpretation of contract requirements. The resulting 
mass of legal verbiage is almost incomprehensible to a layman, and as it 
has not been copied elsewhere its necessity is doubtful. The legality of 
a contract of importance should always be passed upon by a lawyer, 
for he is generally more familiar than the engineer with the forms of 
wording which have been adjudicated and have a definite meaning 
in eonswiuence. The engineer, however, will do well to follow as closely 
as possible' all suits which will throw light on the proper wording of 
contracts and specifications, for if well informed he can do much toward 
rendering litigation over a contract a waste of time. 

Theses two source's e)f controversy over a contract and its accompanying 
plans and 8]K'cificatie)ns should be kept in mind when preparing such 
documents. The relations between all parties and their respective 
duties slioulel be made definite in every detail. The work to be done 
should be ch'arly explained. If the surface of a concrete wall is to be left 
perfectly smooth and free from checks, pits, scars and stains, this should 
be stated, for the requirement that the wall shall be built in a work- 
manlike manner satisfactory to the engineer is not definite. If a machine 
is desired, tliose parts and features which arc really needed should be 
deacril)ed, leaving the rest to the manufacturer, for it is not a good de- 
scription to say tliat the macliinc shall be of somebody’s make, or equal. 
These loose expressions arc fast disappearing from the sj)ecifi cat ions of 
leading engiiu'ers, as it is becoming appreciated that there is a great 
difference l>etween a description prepared to explain in a general way 
the purpose and design of a public work and a description of what a 
contractor must supply and do. Fairness to botli owmer and con- 
tractor demands a complete, precise and clear description, either in 
words or by drawings, of every detail of the undertaking w'hich is not 
left to the contractor’s judgment. By following this policy and by 
requiring insix'ctors to be fair and not harsh in enforcing contract 
requirements, a city gains a reputation for enlightened business methods 
which results in low prices from responsible contractors. 

Essentials of a Contract — The essential elements of all contracts 
have been ver>^ clearly outlined by John Cassan Wait in his “Engineer- 
ing and Architectural Jurisprudence;" 

“Every binding contract must contain four essential elements, vii.: 
1. Two parties with capacity to contract. 2. A lawful consideration; a 
something in exchange for its legal equivalent; a quid pro quo. 3. A lawful 
subject-matter, whether it be a promise, an act, or a material object. 4. 
Mutuaffty; a mutual assent, a mutual understanding, and a meeting of the 
minds* of the parties. These elements of a simple contract are of the 

* Where there ie some error or ominion id the plans or specifications, there can have 
been no meotins of the ininda '* of owner and contractor on this point. Frequently an 
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foundation of the English common law, and no agreement, so-called, is » 
binding contract unless it embodies each and all of these essentials. With- 
out them our courts decline to recognise the binding effect of the agree- 
ment and the parties are free to fulfil their obligations or not at their 
pleasure," 

Capt. D. L. Hough, in a paper on “The Relations of Engineers and 
Contractors,” presented before the First American Road Congress, at 
Richmond, Va., Nov, 21, 1911, expressed himself as follows: 


“The very essence of a contract is mutuality; and the more this most 
important principle of a contract is kept before our minds, the more faith- 
fully will the contract be carried out and the less will be the friction developed. 

In fact if the mutuality of a contract is kept always before 

us, and it is understood that when a contract is once signed the parties 
thereto have equal rights thereunder, are on an equal footing, and that there 
IS nothing in contractual relations that places the party who pays with his 
money on a higher plane than the party who pays with his materials and 
services, or vice vcvsu, and if the engineer considers himself a non-partisan 
arbitrator, there is nothing left to be desired. 

“In so far as the engineer lays out, directs and inspects the character 
of materials and workmanship, he is projierly the representative of the 
principal; but under the terms of those clauses where he is made the arbi- 
trator, interpreter and estimator, he is the representative of both parties 
and should be absolutely non -part i.san. 

“Actually, therefore, the engiiu'cr, in so far as he is the arbitrator, that 
is, is made the final court of appeal under the terms of the contract by both 
contractee and contractor, he is the employe? of both and must not lie parti- 
san; and if he is partisan, he is not faithful to the trust reposed in him by 
the other party, however shocking this statement may sound to those 
obsessed by the present practice." 


In order to facilitate its use, that portion of the contract which treats 
of the work involved, in which all the details are specifically mentioned, 
is usually segregated and submitted as “Specifications," either within the 
body of the contract or supplementary to it. There is no general agre^ 
ment in regard to the items that should be included within the sf^ei- 
fications as distinguished from the main contract. If the specificationa 
are submitted separately there should be a clause in the contract oalUng 
attention to the fact that the specifications and the plans explana tory of 


attempt i. made to bndge over iuch a difficulty by a «ener.l claw that whar. auch 
ca«^. are of minor imp«>rtance both part.e. agree to accept the engineer, but 

th»« clau«> i. of DO real importance m cam, of controversy because .t doe. not indioaM 
who .hall decide whether the importance of the point at iwue i. minor. It it mwh 
better, when an error or omiwion ia d.-covered, to prepare a bri^ memorandum, 
and .igned by both parties, stating iliat it is mutually agreed that the nMian ing t^ 

apecifications shall be interpreted in a oerUin way, or that a sketch firmly 
the agreement shall be considered a «it>.factory substitute for a detml on the ^final 
drawings If the error or omisaion involve, work of a da*, for which no unit wm 

bid it u highly de^rable to have a written agreement concerning the price befor* it to 


undertaken. 
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them must be considered as part of the contract. In such a case the 
plans and specifications must be so described in the contract that in case 
of litigation oral testimony to identify them will not be necessary. 
Claims for extras can be kept down in this way. 

Although contingencies are a proper subject of contract, yet it has 
been held by the courts that they must be clearly referred to in the con- 
tract, as a contractor is not bound to assume a risk not mentioned in the 
agreement. Where specifications are obscure or when several parts of 
them are in conflict, “custom” will be held by the courts to govern in 
such cases. The determination of “custom” usually costs far more and 
is less satisfactory to everybody than a little more expense in making 
the contract re(iuircment8 clear and harmonious. 

Blanket clauses have jnobably been the source of as much controversy 
in the execution of contracts as any other provision, and should be 
avoided so far as possible. In contracts requiring a long period of years 
for execution, it is difficult to anticipate all conditions to be met. Labor 
and market conditions change, and modifications in the laws and ordi- 
nances existing at the time of contract often occur. The contract and 
specifications must, therefore, be sufficiently flexible to care for these, 
without bringing undue hardship upon either party to the work. Where 
blanket clauses are required to cover such emergencies, it is of impor- 
tance that anticipated contingencies be mentioned and that as definite 
provision be made for their settlement as is possible. 

One danger of any alterations in a contract as the work progresses 
is that they may operate to relieve a surety from his responsibility in 
case the contractor fails to execute the work. Where the surety bond 
is an integral part of a contract, there are really three i)artie6 to it, 
and all three must agree to any changes. This has led some lawyers 
making a speciality of engineering relations to advise preparing supple- 
mentary contracts whenever changes arc necessarj', or drawing up written 
agreements that certain features of the contract shall be interpreted 
as having carefully defined meanings. It is wise for the engineer and 
his entire staff to avoid very carefully making any oral statement which 
may be construed as altering any contract or specification requirement, 
for such a statement made in the presence of witnesses may be used 
to prove the inadequacy or imperfection of the written agreement 
should the contractor wfish to withdraw from it. In short, a contract 
is a very important obligation, and there are the best of reasons for the 
old rule that no alterations in it shall bo made except in writing, with 
legal a^ce, and no orders shall be given for work to be done under 
blanket clauses or provisions for extras, except in writing, carefully 
worded and completely defining the extent of the work. 

“Some contractors exhibit an unusual willingness to carry out the most 
erratic directions of the engineer. This is done in order to break away 
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from the contract and set up a claim that, by reason of change of plan, 
the contract has been annulled and a new basis of compensation is necessary. 
This is chicanery, to be sure, but the engineer should be able to recognise it. 
Claims against public corporations have many times been treated with 
excessive liberality, and they should not be allowed to succeed without the 
engineer’s approval.” — Albert J. Himes, Trans. Am. Soc. C. E., vol. Ivi, 
p. 104. 

Arbitration. — It is generally desirable that the contract should provide 
for a means of settling such disputes as may arise under it without 
recourse to the courts, except as a last resort. There has been much dis- 
cussion about whom these disputes should be referred to, because most 
contracts provide that such questions shall be referred to the engineer. 
Contractors look upon most engineers as interested parties or as 
employees of the party of the first part, and have a feeling that, as 
such, the engineer is bound to cater to the interests of Ids employer 
and cannot, therefore, give an unbiased opinion. Contractors fre- 
quently express the opinion that engineers, in interpreting the provi- 
sions of contracts drawn by themselves, are likely to be biased by this 
fact, especially if the sufficiency of the contract is at issue. On the 
other hand, no other person than the engineer can have such complete 
and intimate knowledge of the details of the proposed undertaking 
and the provisions of the contract. 

In inten^rcting the reciuirements or intent of any contract the engineer 
ceases to be the agent of the owner and becomes a judge with the owner 
and contractor at bar. If the engineer’s decisions be strictly judicial, 
difficulties which come up in the progress of the construction work will 
often be readily and satisfactorily settled without need of further 
arbitration. 

The appointment of an arbitrator, or a board of arbitrators selected 
from absolutely disinterested parties, has been suggested frequently 
as a panacea for such disputes, but the following are some of the diffi- 
culties in the way of securing satisfactory results by this method. First, 
cost; second, the difficulty of acquainting the arbitrator with all the 
facts, conditions, and influences surrounding a given contract, knowl- 
edge of which is necessary for rendering an impartial judgment; third, 
the law will not compel the carrying out of the provision, therefore the 
surety which is implied by the clause may be misleading either to the 
contractor or the contractee. This has been clearly expressed by 
John C. Wait, in his ” Notes on the Law of Contracts,” published jointly 
with “Specifications and Contracts” by J. A. L. Waddell in 1906; 

”The writer’s experience with contract clauses providing for arbitration 
ia that in nine cases out of ten, when controversies have arisen, one or the 
other of the parties will refuse to carry out the provisions for arbitratson. 
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This they may do with impunity, as there is no means of compelling them, 
under the ordinary provisions of the contract, to carry out the terms of the 
submission to arbitration; and they may, without generally subjecting 
themselves to any damages whatever, decline either to appoint arbitrators 
or to attend an arbitration. If, however, they do take part and the award 
be made and served upon the parties, they are irrevocably bound by such an 
arbitration. The trouble is and wuU be that they will refuse either to ap- 
point arbitrators or to attend or take any part whatever; or one of the 
I)arties will seek to limit the scope of the arbitration to those matters and 
things in which he feels the stronger, eliminating and refusing to arbitrate 
matters which are apparently against him. 

“Owing to this fact the use of the arbitration clause might as well be 
omitted, as the parties, if willing to arbitrate, can at any time come to terms 
of an arbitration for the settlement of their controversies, and the use of the 
clause under the circumstances deceives and misguides the contractor and 
sometimes the owner m the belief that he can require the other party to 
submit their differences to a board of arbitrators to be selected in ac- 
cordance with the terms of the contract. 

“Neither party to an arbitration can appeal from the decision of the arbi- 
trators when it is once made and communicated to the parties. No appeal 
can be had by either party to the courts, unless gross fraud and collusion 
are shown between tlie arbitrators and one of the parties or the engineer 
and architect. The award by arbitrators is final and conclusive upon the 
parties, without appeal, if the award was fairly and honestly made.” 

Nevertheless, serious disputes have sometimes been satisfactorily 
settled by reference to single referee, an engineer of sound and ripe 
judgment, judicial temperament, and good standing. 

While arbitration clauses in contracts are not very common, they 
have been u.sed in sonu^ cases and are of interest to engineers preparing 
contracts and may b(‘ helpful to those who feel that arbitration should 
not be confined to the engineer in charge of the work. Several such 
clauses follow. 

Jersey Cily Water Supply Co,^ Jersey City, N. J., 1902, (Completion of 
Main Dam at Storage Hescrvmir at Boonton, N. J., Contract 3.) 

(p, 13) “Art. 3. Engineer the Referee. — All the work under this contract 
shall l>e done to the satisfaction of the Engineer, who shall in all cases de- 
termine the amount, quality, acceptability and fitness of the several amounts 
of work and materials which are to be paid for hereunder, and shall decide 

all questions which may arise. 

and his determination and decision thereon shall be final and conclusive, 
subject only to revision by arbitration as provided under Art. 26.“ 

(p. 48) “Art. 26. Arbitration. — In the event of disagreement between 
the Comfllny and the Contractor, they shall submit the matter to arbitra- 
tion, the Company choosing one arbitrator, and the Contractor one, and the 
two thus chosen to select a third. The decision of such arbitrators, or a 
majority of them, shall be made in writing to both parties, and when so made 
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shall be binding on the parties thereto. The entire expense of such arbitra- 
tion shall be borne by the party against whom the decision is rendered, or in 
event of a compromise decision, shall be borne by both parties in such pro- 
portion as the arbitrators may decide. Such arbitration is intended to avoid 
litigation and a written offer to submit thereto by either party, followed by 
such arbitration (if said offer is accepted and acted upon within twenty (20) 
days after the same is made), shall be a condition precedent to any action at 
law by either party under this contract.” 

Pittsburgh, Pa., Department of Public Works, Bureau of Filtration, Con- 
tract 1 (1905) for Filters, Basins and Appurtenances. (1’he Director ex- 
ercises throughout the authority usually vested in the Engineer.) 

(p. 557) ” Right of Appeal. — It is expressly covenanted and agreed that 
in case any question or dispute shall arise between the parties under said 
Contract, or touching the quantity, quality or value of any work done or 
materials furnished thereunder, the same shall be referred to the Director of 
the Department of Public Works, whose decision thereon shall be final and 
conclusive; unless either or both parties shall, w'ithin ten (10) days thereafter, 
appeal from said decision in writing and shall notify both the Director and 
the other party of such appeal, in which case the said question or dis])utc shall 
be referred to two (2) arbitrators, one (1) to be sidected by the Contractor 
and the other by the Mayor of the City of Pittsburgh, and both parties 
shall waive and release all right of action and suit at law or otherwise. 

“In case of appeal, the party appealing shall file with the said Director a 
written statement of all matters in dispute and specify the particidars ob- 
jected to, and the said appellant shall, with his or its appeal, state in writing 
the name of the arbitrator selected by him or it, and the other party shall, 
within ten (10) days of the notice of such appeal, notify the said Dirtn-tor in 
writing of his or its selection of an arbitrator, whereupon the said two arbi- 
trators shall, after notice, proceed without delay to hear and determine the 
question or dispute in case they agree, render a decision thereon in writing, 
which decision shall be final and conclusive; or, if they fail to agree, then they 
shall select a third arbitrator and the three (3) arbitrators shall proceed ^ 
hear and determine the question or dispute and render a decision thereon in 
writing, and their decision or that of a majority of them, shall be final and 
conclusive, 

“In case the party appealing shall not so name his or its arbitrator, the 
appeal shall not be considered. If the other party shall, within U*n (10) days 
after date of notice of such appeal, fail to appoint his or its arbitrator, then 
the party appealing may apply to the Court of Common Pleas, No. 2, of 
Allegheny County, Pennsylvania, for the appointment of an arbitrator for 
such party in default, or by Bill in Equity, in the nature of a specific per- 
formance of the duty. If the two (2) arbitrators fail to agree upon a third 
arbitrator, then the persons constituting the Court of Common Pleas, No. 2 , 
of Allegheny County, Pennsylvania, or a majority of them, may make said 
appointment and in case the persons constituting said Court of Common 
Pleas, No. 2, shall fail or refuse upon application to so appoint, the Mayor of 
the City of Pittsburgh shall make said appointment. 

“When there are but two arbitrators, if they shall agree, their decision 
shall be final and conclusive. When there are three arbitrators, the decision 
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of a majority of them Bhall be final and conclusive. The expense of such ar- 
bitration shall be paid by the City of Pittsburgh and one-half (1/2) of such 
sum shall be deducted from the amounts due or to become due the party of 
the second part.” 

Cincinnati^ Ohio, Contract 86 (1906). “Proposals for the Construction 
of a Head House, Chemical House, Filter House, Valve Houses, and of a 
Wash Water Reservoir, and other miscellaneous work in connection there- 
with” for the Board of Trustees, Commissioners of Water Works. 

(p. 65) “Arbitration. — It is agreed that in the event that said Trustees 
shall have ordered any alteiation or modification of the within contract, and 
said Contractor and said Trustees cannot agree upon the price to be paid for 
the work or materials under such altered or modified contract, they shall 
thereupon Bul)mit tlic matter to arbitration, the Trustees choosing one arbi- 
trator and the Contractor one, and the two thus chosen to select a third; 
and the award of such arbitrators, or a majority of them, as to the prices to 
be paid, shall be made in writing and entered on the minutes of said Trus- 
tees, and when so entered shall be binding on the parties hereto. And it 
is expressly understood and agreed that, in case of any alterations or modi- 
fications, so much of this agreement as is not necessarily affected by such 
alterations and modifications shall remain in full force upon the parties 
hereto. And the said Contractor hereby agrees not to claim or bring suit 
for any damages, whether for loss of profits or otherwise, on account of not 
being allowed to do such work or furnish materials as agreed upon prior to 
such alterations or modifications.” 

All the work under this contract shall be done to the satisfaction of the 
said Trustees, who shall in all cases determine the amount, quality, accepta- 
bility, and fitness of the several kinds of work and materials 

and such determination and decision, in case any question shall arise, shall 
be a condition precedent to the right of the contractor to receive any money 
hereunder.” 

London County Council, Contract 3 (1907), for Low Level Sewer 2, 
North Side. 

(p. 23) “Arbitration Clause. — Lastly, if at any time before completion of 
the work, any question, dispute or difference shall arise between the Council 
or the Lngineer on their behalf and the Contractor as to the construction of 
this Contract, or as to any matter or thing arising under or out of this Con- 
tract, then such question, dispute or difference (unless it relate to matters 
and things which are under the terms of this Contract left to the final deci- 
sion, requisition, certificate or order of the Engineer) shall be referred to the 
determination of the Engineer, whose decision shall be abided by until the 
completion of the work, when such questions, differences and disputes may 
as hereinafter provided for be referred to the decision of the arbitrator. 

If on completion of the work there shall remain any question, difference 
or dispute upon any of the matters or things referred to or specified in the 
first parl^f this Clause, or as to payments to be made to the Contractor, the 
same shall be referred to the award and decision of some person to be mutu- 
ally agreed upon, or failing agreement to some engineer to be appointed by 
the President for the time being of the Institution of Civil Engineersi whose 
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decision shaJl be final and conclusive between the parties. The provisions of 
the Arbitration Act, 1889, shall apply to any arbitration under this clause." 


GElfERAL FORM OF ENGINEERING CONTRACTS 

The general method of contracting for engineering work is to invite 
proposals, either by means of a general advertisement or by solicitation. 
As announcements generally state that only that proposal which is con- 
sidered most advantageous to the owner will be accepted, while the right 
is reserved to reject any or all proposals, contractors are induced to 
figure their proposals as low as }> 088 ible, thereby securing to the owner 
the benefit of close competition. In order that all proposals may be in 
such form as to be readily compared it is desirable that bidders be re- 
quired to submit their proposals on a form furnished by the owner. 
It is also desirable that a complete statement should be made by the 
owner setting forth the general scope and requirements of the work, 
in order that all contractors who bid upon the work may have a clear 
conception of it and bid upon the same thing. This should be fur- 
nished under the caption, “Information to Bidders." 

Advertisement of Contract. — ^Although notice of impending work 
may be given to the contractors through an advertisement in the 
public press, the expense of advertising will prohibit the giving therein 
of all information needed by the bidder. It is therefore sufficient to 
cover in the advertisement a general statement of the work to bo done, 
its location, the time and place of canvassing the bids, and of beginning 
and completing the work, the security required for its- performance, 
the place where plans and complete specifications, including full infor- 
mation to bidders and proposal blanks, may be obtained, the name of 
the party inviting the proposal, and, if the work be of a public nature, 
the act or ordinance by virtue of which the work is undertaken. 

The Infonnation for Bidders should contain the facts covered by the 
advertisement and all of the information essential to the contractor 
for a general understanding of the requirements of the contrac-t. The 
following subjects should be covered: 

First, time, place and manner of submitting and withdrawing proposal. 
Second, reference to use of blank forms furnished by the owners for 
submitting bids. Third, the surety required, and the form of bidder's 
bond or certified check, the amount and character of surety required, 
method of draft, payment and return. Fourth, the name or names of 
the surety to be offered, in case of award of contract. Fifth, the methods 
to be adopted for the notification of the successful bidder. Sixth, 
general description and location of the work involved, statement of 
the quantity involved in each of the several subdivisions. Seventh, 
quantities are approximate only and are given to serve as the basis for 
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comparison of bids, and the owner reserves the right to increase or 
decrease the amount of any class or portion of the work, preferably 
within stated limits. Eighth, bidders are required to satisfy themselves 
by personal examination of the conditions existing and the materials 
to be encountered at the site of the work. Ninth, qualifications required 
of the bidder as to experience, capacity, and financial resources. Tenth, 
reservation of right to reject any and all bids. Eleventh, such other 
requirements as local conditions may demand. Twelfth, statement that 
all bids submitted on blanks, other than those furnished by the owner, 
and all bids in which the conditions on the owner’s blanks have been 
modified, may be rejec^ted. 

Form of Proposal. — The proj)08al should be made upon a printed form 
furnished by the owner, the obj('ct being to secure all the proposals 
in exa(*tly the same form and to make sure that all prices are submitted 
in the same units, otherwise it will be difficult to compare the bids. 
The proposals must be delivered at the place designated to bidders at or 
before the hour nam(‘d therein. They should be scaled and should 
not be ojm'ikmI until the time specified, and then generally, and pref- 
(‘rably, in public. They should all be self-explanatory, and no oppor- 
tunity should be given for oral explanation. Bids should generally 
not be allowed to be withdrawn or modified after the time set for the 
opening of the bids. 

The following form has been found satisfactory^ by the authors; 

To the of the Town of . . . 

For the eoustruction of «ewer« m 

The underHiKiied HH buider , .declare that the only parties interested in this 

proposal as principals are named herein, that this proposal is made without collusion with 
any other person, firm or corporation, that no officer of the Town or any person in the 
employ of the Town is directly or mdireetly interested in this bid, that . . he 
ha , oarefully examined the location of the proposed work, the annexed proposed 
form of contract and the plans and H|>oeificatioos therein referred to and ... he 
propose . .and ajcree . that if this proposal is accepted . he. . . will contract with the 

. . m the form of the copy of the contract deposited m the office of said 

and attached hereto, to provide all necessary machinery, tools, apparatus 

and other means of construction, and do all the work and furnish all the matenals specified 
in this contrai't in tin' manner and time therein prescribed and aeeording to the reiiuiremcnts 
of the Engineer as therein set forth, and that he will take in full payment therefor the follow- 
ing sums to wif — 

Item la. For all earth cxravation, etc , . 

Item 17. For extra w’ork, if any, performed in accordance with Article XXII of the annexed 
form of contract, the reasonable cost of the work as determined by the Engineer, whose 
detennination shall be final, plus fifteen per cent (15%) of surh cost. 

If this proposiil shall bo aeeepted by the and the undersigned shall fail to 

contract as aforesaid, and to give a bond in the sum of five thousand dollars (|5,000), with 

surety satisfactory to the within six days (not including Sunday or a legal 

holiday) frdNi the date of the mailing of a notice from the ... to him, according to 

the address given herewith, that the contract is ready for signature, then the 

may at their option determine that the bidder has abandoned the contract and thereupon 
the proposal and acceptance shall be null and void, and the certified check for five hundred 
dollars (1600) accompanying this proposal shall become the property of the Town of 
) otherwise the accompanying check shall be returned to the undersigned. 



CONTRACTS, SPECIFICATIONS AND DRAWINGS 443 


Form of Bidder*s Bonds. — Each bid must be accompanied either by a 
certified check drawn for the stated amount or by a bidder’s bond given 
by an acceptable surety company, providing that if the contract, for 
which proposal is made, shall be awarded to the bidder, the bidder will 
enter into the contract in accordance with the terms of the proposal 
and will give bond for the amount stated in the information to bidders for 
the faithful performance of the contract; and, to that end, that the said 
surety company shall, in case the bidder shall fail to execute the contract 
and furnish bond, pay to the owner as liquidated damages the amount 
stated in the information to bidders. 

Contract. — The contract must be made in accordance with the terms 
of the Advertisement, Information for Bidders, and Proposal, and al- 
though these are not embodied within the limits of the formal contract 
it should be stated in the contract that they, together with the speci- 
fications and surety bond, shall be considered as integral parts of the 
formal contract. No changes should be made cither in the form of con- 
tract or in the items which appear in either the Advertisement, Infor- 
mation for Bidders, or Proposal iis submitted by the bidders, in making 
out the contract, as by so doing the bidder may be relieved from the 
obligation of entering into a contract with the owner, on the ground 
that his offer was not accepted in its original terms and that there is 
therefore no binding contract. 

Bond. — The form of bond printed after the typical contract 
reproduced later in this chapter has been found to meet the general 
requirements of sewerage work. (See page 4C2.) 

INSURANCE 

The old theory of employers’ liability is rapidly giving way to the 
more modern theory of workmen’s compensation. There follows a 
transcript from the 1912 Year Book of the New International En- 
cyclopedia, which gives a statement of the present status of these 
two theories. 

“Workmen’s Compensation. — This is a term used to designate that form 
of exunpensation for industrial accidents which has come to replace employers’ 
liability. Under the older system the employer was required to com- 
pensate a workman injured while in employment only when the employee 
could show in a suit at law that the employer had been grossly negligent, 
that the worker had not been negligent, and that the accident was not due 
to the carelessness of a fellow employee. Under the common law the 
employer was securely entrenched behind the rules of assumed risks, oon- 
tributoiy negligence, and the fellow -serv’ant doctrine. Employers’ liability 
laws griulually reduced the employer’s security by modifying these doctrinmi 
in various respects, but still imposing on the injured worker the necessity 
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of bringing suit in court. The employers at the same time insured them- 
selves against such suits in employers' liability insurance companies, which 
assumed the obligation of fighting the employees’ suits and of paying penal- 
ties imposed. Thus the worker was forced to assume the costs of repeated law 
suits before he could secure any damages. Statistics showed that not more 
than 46 per cent, of the premiums paid by employers to insurance companies 
were finally paid to injured workers. Moreover, actual statistical investiga- 
tion showed that between 60 per cent, and 70 per cent, of injured workers 
received no compensation whatever. Even when compensation was se- 
cured, the expenses involved so reduced it that the remainder was wholly 
inadequate to offset the economic loss involved in the injury itself. Thus 
many families were permanently reduced to a lower standard, even to 
permanent poverty, by industrial accidents. The compensation principle 
introduced into England and continental countries 15 to 20 years ago has 
within the past 2 years found extensive adoption in the United States. 

"The advantages of the compensation principle may be briefly sum- 
marized as follows: (1) It furnishes certain, prompt, and reasonable com- 
pensation to injured workt^rs and their dependents; (2) it removes from the 
courts the numerous cases growing out of employers’ liability litigation; 

(3) it relieves charity of the poverty due to uncompensated accidents; 

(4) it is more economical, since the costs of lawyers, witnesses, insurance 
companies, and court trials are eliminated, and because it gives to the worker 
a much larger proportion of the cost to employers; (5) it increases good will 
and stimulates accident prevention; (6) it furnishes a basis for accurate 
atatisticAl knowledge of phases of industrial and social life heretofore 
neglected.” 

Liability Insurance. — Liability insurance is usually written under 
one of four principal heads, employers’ liability, public liability, team 
insurance, and automobile insurance. 

In employers’ liability insurance the insurer agrees to indemnify the 
insured against loss by reason of liability imposed by law upon him for 
damages on account of bodily injuries, including death, at any time 
resulting therefrom, accidentally suffered by reason of the prosecution 
of the work, at the places described in the policy and under the classi- 
fication covering an employee of the assured. 

Public liability insurance differs from the above only in the fact 
that it insures against injuries sustained by other parties than those 
employed by the assured, that is, the public. 

By team insurance the insurer indemnifies the assured against loss 
by reason of liability for damages on account of bodily injuries to his 
drivers and to the public caused by means of draught or driving animals 
or vehicl^ in the ser^’iee of the assured, while in the charge of the assi^ed 
or his employees. Automobile insurance applies to automobiles in 
much the same way as team insurance applies to animal-drawn vehicles. 

Liability insurance premiums are based upon the amount of pay rolls. 
When the policy is issued the contractor estimates the probable amount 
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of his pay roll during the term of the policy, and a certain percentage 
of this pay roll is charged as a premium, this percentage varying with 
the hazard of the work. At the end of the period for which the policy 
is drawn, the insurance company calls for an audit of the contractor's 
pay rolls, in order to determine the exact amount of those pay rolls 
upon which the premium estimated is adjusted. Although in a general 
way the foregoing is the method adopted, modifications are made to 
fit each particular case. 

The cost of liability insurance covering bodily injury deiwmds upon 
the laws regulating the liability of the contractor directly, and indirectly 
that of the liability insurance company. 

Sewer construction is generally classed as more hazardous than much 
other contract work. The 1913 insurance rates in Massachusetts, 
under the compensation act, were as follows: 

For work less than 7 ft. in depth, 

Insurance of laborer.^. . $4 87 per $100 of pay roll 

Insurance of public 2 00 per $100 of pay roll 

Total insurance of cinployees and public $0.87 

For trenches 7 ft. or more in depth, 

In.surance of contractor’s employees. $6 75 per $100 of pay roll 
Insurance of public.. . 3 00 per $100 of pay roll 


Total $9.76 per $100 of pay roll 

Masonry structures $3 75 per $100 of pay roll 

Insurance of public 1 .25 per $100 of pay roll 


Total . $5 00 i)er $100 of pay roll 

For employees handling explosives $18 75 per $100 of pay roll 

of such employees 

Insurance of public . $5 00 per $100 of pay roll 

The foregoing rates for insurance of contractor’s employees cover 
the payments required by the workingmen’s compensation act. The 
rates on insurance covering the public guarantee the payment to injured 
persons of such sums as may be paid .by the Insurance Company in 
voluntary settlement of claims, or as may be awarded by the court. 
The liability in such cases largely governs the payments and is not 
covered by the workingmen’s compensation act. 

In some cases the question has been raised whether a contractor 
shall have an allowance for premiums paid on liability insurance, where 
extra work is being performed and paid for at cost plus a percentage or 
fixed sum. It has been held by some attorneys that the contractor 
cannot recover for such expense, in cases where there is no workingmen’s 
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compensation act, unless specifically mentioned in the contract because 
it covers simply injuries due to the negligence of the contractor, which 
is not a legitimate portion of the expense of carrying out the work. 
While there seems to be ample justification legally for this opinion, such 
a course would undoubtedly work a hardship to most prudent contrac- 
tors, who feel that liability insurance is an absolute necessity. To 
avoid disputes on this point and provide a j)erfectly fair basis of adjust- 
ment of cost, contracts should specifically state whether or not the cost 
ofliability insurance will be included in the cost of work paid for upon a 
cost plus percentage or fixed sum basis. 

KINDS OF CONTRACTS 

There is a variety of contracts due to the different methods of deter- 
mining the com])ensation of the contractor. Among them may be 
mentioned: (a) the unit price, (6) the lump sum, (c) cost plus a percent- 
age, [d) ‘cost with a guaranteed limit, plus a percentage, {e) cost plus a 
fixed sum, and (/) cost idus a fixed sum, with a bonus if the cost is less 
and a deduction if it is greater than a fixed amount. 

Unit Price Contract. — The unit price contract is probably more 
used tlian any other in sewerage work because of its provision for changes 
in the amounts of different classes of work which cannot be determined 
accurately in advance of construction. Where this system is employed, 
the engineer estimates as accurately as possible the amount of each 
class of work and the contractor bids a unit price on each class. The 
amount of his pro})OHal is obtained by figuring the total cost of each 
class of work on the contractor’s bid and then adding these totals 
together. It is impossible for the engineer to estimate accurately all 
of these quantities, and the Invitation to Bidders should always contain 
a statement that the owner does not guarantee the accuracy of such 
estimates nor that the borings represent accurately the quality of the 
materials to be excavated, and prospective bidders should be required 
to ascertain tlio working conditions by personal investigation of the 
site. The import ance of this is shown by the following notes of a suit 
over a unit price contract. 

The Commissioners of Sewerage of Louisville advertised for bids for 
the construction of a sewer and awarded the contract to the lowest of 
the four bidders, each of whom bid a given price per item. The success- 
ful bidder formally executed the contract and offered a bonding company 
as surety in the sum of $8000, accepted by the commissioners. The 
contractof prosecuted work for several months, when he abandoned the 
contract. The Commissioners of Sewerage then advertised for new 
bids and relet the contract to the lowest of the new bidders, at ah alleged 
loss of 120,353.33. The commissioners brought action against the 
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original contractor to recover this loss, which was the difference between 
the latter’s bid upon the estimated quantities of work to be done, 
excluding the amount of work already done by the first contractor, and 
the bid of the party to whom the contract was awarded the second time. 
The bonding company was made a party defendant. The defendants 
resisted recovery, on the ground that the contract should be cancelled 
because of a mutual mistake of the parties to it. 

The case was carried to the Kentucky Court of Appeals, where the 
final decision contained the following comments on this important 
feature of such contracts: 

“The plans upon which bids were invited showed borings indicating 
that the material to be encountered, through which the sewer would run, 
was blue clay, whereas it was claimed to be something else; the plans 
represented that the material to be encountered in the trench was solid, 
whereas it was soft and semi-fluid. In the approximate quantities, it was 
estimated by the engineer that 41(X) ft. of timber foundation would be 
required, whereas, in fact, about 22, (KX) ft. of timber foundation was used. 
It is claimed by argument that this miscalculation caused the defendant 
to bid less on another item, to wit, excavation, than it would otherwise have 
done. . . . 

“Appellant . . . agreed to do the construction work according to certain 
plans and specifications. Prior to the letting of the contract, appelees 
had taken samples of the subsoil by means of a hand-auger, at points along 
the line of the work about 2(X) ft. apart. The locations of these borings are 
shown on certain blue-prints. . . . The material parts of the ‘Information 
for Bidders’ are as follows: 

“‘The following is an approximate statement of the extent of the work 
required, based upon the estimate of the engineer; the several bids will be 
computed, tested and canvassed by the quantities of work given in the state- 
ment, viz., . . . (the various items of the contract). . . . These quanti- 
ties are based upon the construction of the sewer in open cut, are approximate 
only, being given as a basis for the aimparison of bids, and the Commissioners 
of Sewerage do not expressly or by implication agree that the actual amount 
of work will correspond therewith, but reserve the right to inerrease or decrease 
the amount of any class or portion of the work os may be deemed necessary 
by the engineer. . 

“ ‘As the above mentioned quantities, though stated with as much accu- 
racy as is practicable in advance, are approximate only, bidders are required 
to submit their estimates upon the following express conditions, which 
shall apply to and become part of every bid received, viz., bidders must 
satisfy themselves, by personal examination of the location of the proposed 
work, and by such other means as they may prefer, as to the actual condi- 
tions and requirements of the work and the accuracy of the foregoing 
estimates of the engineer, and shall not, at any time after the submission of 
an estii^ate of the engineer, dispute or complain of such statement or 
estimate, nor assert that there was any misunderstanding in regard to the 
nature or amount of work to be done. 
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“ ‘The excavation, tiie masonry and other parts of the work have been 
divided into classes and items in order to enable the bidder to bid for the 
different portions of the work in accordance with his estimate of their costs, 
so that in the event of an increase or decrease in the quantities of any par- 
ticular class of work the actual quantities executed may be paid for at the 
price bid for that particular class of work.’ 

“Reduced to its final analysis, appellant’s complaint is that he encountered 
difficulties in excavation that he did not anticipate. By the express terms 
of his contract, this was a risk that he assumed. The appellees not only 
furnished him with all the information that they had on the subject, but 
put him on notice that in the event he encountered unforeseen difficulties, 
he could make no claim on that account. Having taken the work upon 
a unit basis as to prices, and it not being within the power of either party 
to foretell with any degree of accuracy the character of difficulties to be 
encountered, the contract was a chancing bargain, and the fact that he met 
with greater or less difficulty than was anticipated by the parties would 
not entitle eitlier to a cancellation of the contract. ...” 

Lump-sum Contract. — Under the lump-sum contract the contractor 
agrees to furnish, for a definite lump sum of money, all labor and materials 
necessary to complete a certain definite piece of work to be built upon 
the detailed plans and specifications submitted or bid upon. 

This method of contracting has the advantage that the owner should 
know from the start how much money will be involved by the work as 
planned. If changes are made in the plan, detail, or method of construc- 
tion of, or in the kind or quality of materials required for, the work, 
modifications in contract price may and generally do result, with the 
possibility of disagreement and expensive litigation. Therefore more 
careful preliminary^ study of conditions is necessary in this form of con- 
tract than where the others are employed. Moreover, in this form of 
agreement, the contractor is likely to figure into his bid a safe margin to 
cover unforeseen difficulties, which the owner is obliged to pay, whether 
such hazards arise or not. If these hazards do not arise, the contractor 
may make a sum in excess of his normal and desired profit; and if the 
work does not prove to be hazardous, but especially favorable, a still 
further profit is secured. In any event, the element of uncertainty is 
likely to be given greater weight in preparing a bid than with the unit 
price type of contract. 

Percentage Contract. — In order that the owner may assume all risk 
and per contra obtain full advantage of especially favorable circum- 
stances, the jxjrcentage form of contract and its various modifications 
have been devised. 

Under the percentage form the contractor agrees to furnish all labor 
and materials necessary to complete the entire undertaking at its actual 
cost plus an agreed and stipulated percentage of such cost. A serious 
disadvantage of the percentage form of contract is that there may be no 
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spur to the contractor to do the work as expeditiously as possible and to 
keep the labor force and purchase of materials within limits most eco- 
nomical for the owner. To avoid this contingency the cost plus fixed 
sum form of contract has been used. 

A form of contract was introduced in Now Orleans in 1914 by George 
Cr. Earl to secure some of the special advantages of construction by day 
labor without abandoning the services of a contractor, which were 
practically required by local laws. Under it the contractor offers to 
furnish the labor and “such tools, material or equipment as may bo 
needed,” m addition to those supplied by the city, at cost plus a per- 
centage. Non-resident labor, skilled or unskilled, cannot be supplied 
under such a contract so long as any resident laborers are ready, willing 
and able to do the work. The city furnishes the insiiectors, foremen, 
timekeepers and pay-roll clerks. It has full supervision over this labor, 
‘including the right to require the contractor to discharge any who are 
found unsatisfactory in quantity or character of work performed or 
insubordinate, and the right to fix their maximum rate of compensation, 
either per task or per diem, for each particular character of work or class 
of labor. ” An obvious danger in such a contract is met by the following 
provision : 

“The labor furnished by the Contractor shall at all times consist of 
the most experienced men available at the rate of pay approved by the 
Sewerage and Water Board for each character of employment, and so 
long as any laborer already employed is willing to retain his position at 
said rate of pay and is satisfactory to the Supervisor furnished by the 
Board, he shall be i etained by the Contractor so long as his services are 
needed, and inexperienced men or men not heretofore engaged upon 
work of a similar character, shall only be employed by the Contractor 
when no men of satisfactory record and experience are available at the 
rate of compensation offered.” 

This form of contract was first tried for sewer and water main exten- 
sions and services and house drains late in 1914. After extensive ad- 
vertising but one bid, amounting to $748,579.90, was received for 
carrying out this work in the usual manner. On the percentage basis 
just described, five bids were received, ranging from 3.9 to 6.9 per cent. 
The work of putting in house drains and services is so cut up and the 
extent of the work on each job is so uncertain in advance of its prosecu- 
tion, that there are manifest disadvantages in executing it on a unit 
price basis. The lowest bid on the percentage basis came to $492,487.02, 
or $256,092.88 less than the only bid under the usual system. 

COBt-plus-fixed-sum Contract— Under this form of contract the 
contractor agrees to furnish labor and materials and complete the entire 
undertaking at its actual cost plus a fixed and stated sum to cover the 
contractor’s profit and perliaps other specified items. Apparently it ii 
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for the contractor’s interest to execute the work as quickly as possible in 
order that he may earn his commission or profit within the shortest 
practicable time, but actually, where the contractor is carrying on several 
operations of this sort, the incentive to make speed may be trifling. 

Under this plan the owner may regulate the class and amount of labor 
employed, the methods of execution, and the kind and quality of material 
to be purchased, and if he cares to he can regulate the entire rate of 
expenditures and thus indicate the speed desired in the execution of the 
work. It is to the (iontractor’s interest, in view of possible future work, 
that this work be done in the most satisfactory and efficient manner; 
his self-interest is involved in that of the owner, provided the owner is 
likely to have the placing of another job, which should induce expedi- 
tious and economical work. 

The legal status of contracts of this character has not been established 
by courts of final jurisdiction as yet (1914). The general opinion 
Is that the contractor becomes some sort of agent, but until the subject 
has been thoroughly reviewed judicially, no definite statement can be 
made. In a suit under such a contract, which did not go beyond the 
trial court, one j>hius(‘ of such an agreement was shown to be important. 
The owner discliarged the contractor before the work was finished, and 
was sued for the full “fixed sum” and a large additional amount, the 
contractor claiming that he had estimated the fixed sum at 10 per cent, 
of the cost of an undertaking which the owner subsequently quadrupled. 
The attitude of the court was that if this could be proved to the satis- 
faction of the jury, the latter should increase the sum due to the con- 
tractor iK'yond that stipulated in the contract. It was also stated by 
the contractor in his testimony that he was able, from his experience, 
to estimate the cost of work very accurately in advance and that his 
fixed sum” was figured just as in lump-sum contracts except for the 
omission of all expenses he would incur for financing his work under 
the latter form, the inference to be drawn from his testimony being 
that the owner gained nothing financially by the cost-plus-fixed-sum 
agreement. 

Cost-plus-fixed-sum with Guaranteed Limit Contract— To make it 
appear to the o^^^ler that the cost of his work may not exceed a certain 
limit, some contracts have been drawn up on the cost-plus-fixed-sum 
basis with a guaranteed limit of total cost. At first sight this form 
would seem to give to the owner the security which its name implies. 
The real effect is, however, to wipe out the good features of the cost- 
pi us-fixe^-sum contract in which the relation between the owner and 
the contractor is perfectly free and co-operative, tiding to place the 
contractor in a position antagonistic to the introduction of work, either 
in the feu'm of labor or materials, that w'as not definitely contemplated 
at the outset, in order to prevent the actual cost from exceeding the 
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guaranteed limit. This form of contract is subject to some of the 
disadvantages of the lump-sum contract. 

Cost-plus-flzed-sum, with Bonus if Less and Penalty if Greater 
than a Stated Amount Contract — ^If it is feasible to formulate a definite 
plan before the award of the contract, so that comparatively accurate 
estimates of the costs of the W'ork may he made, and if it is probable 
that but little variation from the original plan a\iI 1 be nocossaiy, this 
form of contract may be desirable for creating a further incentive to 
decrease the cost of the work, and at the same time increase the con- 
tractor’s profit i^ithout increasing the total costs to the owner. 

LIQUIDATED DAMAGES AND BONUS CLAUSES 

Nearly all sewerage contracts contain provisions for the payment by 
the contractor of liquidated damages for failure to complete the work 
within the time stipulated. Such a payment should not be in any sense 
a penalty or a fine for mere failure to conform to the requirements, but 
should be made for the purpose of reimbursing the i)nrty of the first 
part for damages actually sustained. These cannot ordinarily bo as- 
certained with pre(‘ision either l)efore or after the award of the contract, 
for they are composed of many elements incapable of precise computa- 
tion, such as the damage resulting from the lack of use of the sewer for 
the period of delay, or that due to the contractor’s occupancy of the 
street in which the sewer is l)eiiig built. These might be arrived at by 
an analysis of conditions, but in any event they would l)c matters of 
judgment, upon which wide differences in opinion might reasonably be 
expected. Another element, which is capable of closer estimate, is 
the actual additional expense of engineering and supervision due to the 
delay, but even the cost of these items cannot be known in advance 
and their determination, after the work is finished, is always a difficult 
matter and usually largely dependent upon assumptions as to the proper 
method of accounting, particularly wdth respect to the apportionment 
of overhead and general charges. For these reasons, it is customary 
for the two parties to agree in advance upon a per diem sum to cover 
such damages and to stipulate in the contract tliat they are to bd liqui- 
dated upon this basis. 

Unless there are statutory provisions in the state in which the work is 
being done, as in New York, for example, there appears to be no legal 
requirement for incorporating in the contract the bonus clause simply 
because provision is made for the payment of liquidated damages. 
The fequirement that the work be finished at a fixed time appears to be 
no different in principle from any of the other requirements of the con- 
tract, and it seems to be one properly subject to agreement between the 
parties to the contract. Many engineers and contractors, on the other 
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hand, feel that equity requires a bonus for completion ahead of time 
where liquidated damages are provided for delay. The authors do not 
concur in this opinion as applie<I to contracts carried out under ordinary 
conditions but the advantages of having the work finished ahead of 
time are often as great as those resulting from avoiding a corresponding 
delay. 

One advantage of the bonus and liquidated damages clauses which is 
not often given the consideration it merits, is that they furnish an in- 
centive to the contractor to push his work to early completion, which 
almost invariably inures to his benefit by reducing his overhead expenses, 
rentals on machinery and cost of pumping and incidentals, such as the 
wages of watchmen, timekeepers, w’ater boys and other employees not 
actually engaged in excavation, pipe laying, placing of masonry and other 
activities wliieh may j)roperly be classed as productive work. The 
amount of bonus, or of bofius and saved liquidated damages combined, 
may be sufficient to enable the contractor to rent additional machinery 
and furnish iniprov(‘d organization so that the work cun be done more 
exjicditiously and at reduced cost to lum. 

Upon the work done by the Commissioners of Sewerage at Louisville, 
Ky,, the first four contracts were drawn without the bonus clause, the 
other eighty-two contracts pro^Hding for both bonus and liquidated 
damages. Upon this work the bonus and liquidated damages were 
fixed at $25 per day, wliich sum was intended to cover with reasonable 
accuracy the cost of engineering and supervision due to delay. This 
sum was relatively small, espKJcially on the larger contracts, and in no 
wise covered all damages sustained, but it is doubtful if a larger sum 
would have resulted in a net gain to the city. The amounts of bonus 
and liquidated damages paid and collected under the several contracts 
and their relation to the total amount paid to the contractor and of the 
total cost of each sewer will be found in Table 33, Chapter VII (Quantity 
and Cost of Kxcavation). The bonus paid on all contracts was $26,900, 
amounting to 0.82 per cent, of the total payments to the contractor 
and 0.72 per cent, of the total cost of the sewers built. The aggregate 
amount of damages was $66,614, amounting to 2.02 per cent, of the 
total payments to the contractor and 1.78 per cent, of the total cost 
of the sewers. 

The clauses in the l.ouisville contracts relating to the extension of 
the contract time, liquidated damages and bonus were as follows: 

‘‘The contractor shall not be entitled to any allowance by way of damages 

on account of any delay on the part of the commission but 

in case d$ such delay or delay on account of , or of extra work, the 

contractor shall be entitled to so much additional time wherein to perform 
and complete the whole or any portion of the work required under this 
contract on his part as the engineer shall certify in writing to be just." 
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*'The time in which the various portions and the whole of this oontraet 
are to be performed and the work is to be oompleted is of the essence of this 
agreement, and for failure by the ContraoUir to satisfactorily complete the 
whole of the work contemplated and provided herein within the time set, 
the commission shall deduct from the payments due to the contractor the 
sum of twenty-five dollars ($25) for each day of the delay, which sum is 
agreed upon, not as a penalty, but as fixed and liquidated damages for 
each day of each such delay, to be paid in full and subject to no deduction. 
If the payments due the contractor are less than the amount of such liqui- 
dated damages, the contractor and his surety shall pay the balance to said 
commission. 

“The contractor will be paid a premium of twenty-five dollars ($26) 
per day for each day that the whole work called for in this contract is 
oompleted to the satisfaction of the engineer prior to the contract time of 
completion,” 

In drawing contracts carr>dng bonus and liquidated damages clauses, 
it is important to provide for a reasonable extension of the time allowed 
for completing the work, to provide for delays resulting from changes 
in the plan and in the quantity of work recjuired, and from delay of 
the party of the first part in furnishing plans, materials and access 
to rights-of-way and other premises. In the decision of the Court of 
Appeals of New York, in the case of Hosier Safe Co. vs. Maiden Lane 
Safe Deposit Co., the court stated that “where the parties are mutually 
responsible for the delays because of which the date fixed by the con- 
tractor for completion is passed, the obligation for li(iuidated damages 
is annulled and in the absence of some provision under which another 
date can be substituted, it cannot be revived.” N. Y. Kep., Ct. Appeals, 
199, 479. The court offered the suggestion, however, that the right 
to liquidated damages might Ije preserved by a provision allowing for 
extension of the time for delays not the fault of the contractor. 

Clauses providing for the collection of liquidated damages and the 
payment of bonus, like many other provisions of a contract, make it of 
the utmost importance that the drawings and specifications be made 
clear and complete and that they be based upon a well-matured study 
of the work to be done, that there may be little or no change in require- 
ments after the contract is awarded. 

CONTRACT DRAWINGS 

Contract drawings should show what work is to be done and not 
attempt to be record drawings, such as are sometimes prepared after 
construction is completed. It is out of the question to foresee, in every 
case, how deep piling should be driven, bow wide and deep footings 
of special structures should be made where foundation conditions aro 
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poor, or how deep the shaft of each manhole must be made. There 
must be certain dimensions in many classes of work which are subject 
to frequent change, and it is better to show this in every case on the 
contract drawings than to show a “typical structure” without any 
indication of the dimensions subject to change. 

All “lines of excavation” and similar indications of limits affecting 
payment should be shown carefully, and all information necessary 
to make their use clear should be lettered on the drawings. All standard 
castings and other 8ui)plies to be furnished under the contract should be 
shown clearly and coinplet(*ly. 

Where all features of a structure or devdee, with a few exceptions, can 
be shown with satisfactory clearness on a small scale, but a much larger 
scale is needed to bring out the. dc'tails of these exceptional features, 
the most satisfactory results an* usually obtained by drawing the whole 
structure to the small scale and indicating the special details conven- 
tionally; then these details can usually ))e drawn on a much larger scale 
on the same sheet. There is a tendency to make drawings far larger 
than is d(‘sirable, ifi ord(*r that the details of a few features, often 
unitnj)ortunt, can be shown clearly on the scale of the w’hole drawing. 

In some offices it is now customary to make all drawings on such a 
scale that they can lx* reduced by photography to a much smaller size 
and still remain perfectly clear. To be successful in preparing drawings 
for this purpose, the draftsimin must keep in mind constantly the 
ai)pearance his drawing will j)resent when the spacing between lines, 
the thickness of lines, and the size of letters and figures are reduced to 
the small scale. In the ease of lettering it is not wise to attempt to 
have the reduced size of the letters less than one millimeter. If the 
drawing is to be reduced to a fourth of the size of the original, the 
“lower case” or small letters on the latter should be 4 millimeters 
high. Moreover, all tlie lettering on a drawing, except headings, titles 
and emphasized words, should be of the same height, if the drawing is 
to be reduced photographically; if this is not the case the differences 
in size of the letters make a bad appearance on a photo-reduced copy. 

When the specifications have been completed, they should always 
be checketl with the drawings, to make sure that everything is given 
on the latter which is stated in the former to be there, and rice versa. 
There is not so much opportunity for standardization of design in 
sewerage work as in some other branches of engineering; nevertheless 
there is a temlency in all drafting rooms toward the repetition of 
designs, even when the new use is not so appropriate as that for which 
the plan»were originally drawn, and this final comparison of speciffca- 
tions and drawings acts as a check on too much of this reduplication. 

The authors have found that the pamphlets containing “Information 
for Bidders, Contract and Specifications for Sewer Construction” 
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can be printed most quickly at reasonable expense if the type used is 
a standard newspaper size set on a ty;)esettiiig machine. These sites 
are usually what are known as fi-point or 8-point, the former being em- 
ployed in this volume for the typical 8i)ecifications on page 464, and the 
latter for the quotations on page 447. The main headings in the 
pamphlet are set entirely in capitals, centered in the column, and the 
subheads, which arc also centered, and the side heads at the beginning 
of paragraphs, are set in capitals and lower case letters. The con- 
venience of the reader of such small type makes it desirable to have the 
text set in ordinary newspaper column width, which is about 2-1/4 in. 
(Sec page 403.) If a page of such type is given a length of 4-1/2 in., 
it has a good appearance on a she(‘t of paper 4 X 6-1/2 in. in size, the 
margins around the tyjK? are large enough for riot(*s and alterations, and 
the pamphlet is of convenient size for the |x)ck(‘t. The pamphlets are 
bound in board covers, using wire for stitching, and a strip of black 
cambric is pasted on the back to strengthen the fold. Pamphlets of this 
style can probably be produc(*d with the maximum rapidity attainable 
in a job printing office, and this spec^d is sometimt's quite important. 
If the work is done m a hurry, the maximum charge for an edition 
of 100 should not exceed $1 per page, both blank and text, the bind- 
ing and covers not being charged for; if several days' time is allowed 
for a pamphlet of (54 pages or more, the price should be much lower. 
In asking for prices on such work, it is usually desirable to request 
bidders to suggest methods of reducing the cost, for sometimes useful 
suggestions can be obtained in this manner. 


A TYPICAL FORM OF CONTRACT USED BY THE AUTHORS 

THIS ACJHEE.VIENT. made and entered into thin day of in the ywr One 

Thousand Nine Hundred urid Fourteen, by and between, tod 


iWard ot Heleetmen, duly conntitutcd and elected, herein ftctiof for the 
Town of . , iind w’ltlmut personal hnbility to thecneelvM, party of the find pBit, 

and part . . of the Mcond pMt, 


WIT.VESHETH, That the partieff to these prenente, each in consideration of the under- 
takinsfl, pnimwc's and ttgreoim'iita on the part of the other herein contained, have undertaken, 
promuted and agrt*ed, and do hereby undertake, promiae and agree, the party of the fint part 

for iteelf, iU* «ueoe»»or» and aiwigroi, and the part . . of the second part for . 

. . and ... heir*, caecutor* and adminiatratora or 

•uccesaora, aa follow* • 

Art. 1. Wherever the words defined in this article, or pronouna uaeil in their atead, occur 
in thia contract and the HiH-cificutiona herein, they ahall have the meaning* herein given. 

The word* Party of the f’ir»t Part, above designated, ahaJl include any board, officer or 
agent* properly autfaoriied to act for aoid party in the execution of the work oalled for in thia 
contract [If it la desired to deaignate the party of the fintt part apecificaliy. aa the Town 
or the Selectmen, the»e word* should be defined. It ia often preferable to do eo where many 
contract* arc made for the aame party ] 

The word Engineer ahall mean the Engineer* for the party of the firat part, Metcalf A 
Eddy, of fioston, Maw , either acting directly or through their properly autboriaed ageota, 
auch agents acting within the ecope of the particular duties intrusted to them. 

Whoever in the apecificatione or upon the drawings the word# "as direotod," 



456 


AMERICAN SEWERAGE PRACTICE 


Quired," "a* permitted,” or words of like import are used it shall be understood that ths 

dirwtioD. requirement or permission of the Engineer is understood, and similarly the words 

"approved, " "aeceptabJe. " "satisfactory ” or words of like import shall mean approved by 

or aeoeptabfe and BatinlHciory to the Engineer 
The word Conirhctor shall mean the party of the second part, above designated, or the 
legal representative of said party or the agent appointed to act for said party in the per* 
formaocfl of the work. 

The figures given in the contract and specifications or upon the drawings after the word 
elevation or abbreviation of it shall mean the distance in feet above the datum adopted by 
the Engineer. 

Art II. To prevent disputes and litigations, the Engineer shall in all oases determine the 
amount, quality, acoeptability and fitness of the several kinds of work and materials which 
are to be paid for under this contract; shall determine all questions in relation to said work 
and the construction thereof, and shall in all cases decide every question which mdy arise 
relative to the fulfillment of this contract on the part of the Contractor. His estimate and 
decision shall be final and conclusive upon said Contractor, and in case any question shall 
arise between the parties hereto, touching this contract, such estimate and decision shall be a 
condition precedent to the right of the Contractor to receive any money under this contract. 

Art. III. The Engineer shall make all necessary explanations as to the meaning and inten> 
tion of the specifications, shall give all orders and directions contemplated therein or thereby 
and in every case in which a difficult or unforeseen condition shall arise in the perform- 
ance of the work required by this contract. 

Any differences or conflicts which may arise betw'een the Contractor and other contract- 
ors of the party of the first part in regard to their work shall be adjusted and determined by 
the Engineer 

Art. IV. The Contractor shall do all the work and furnish all the materials, tools and 
appliances necessary or proper for performing and completing the work required by this con- 
tract, in the manner ami within the time hereinafter specified. He shall complete the entire 
work to the satisfaction of the Engineer, and in accordance with the specifications and draw- 
ings herein mentioned, at the prices herein agreed upon and fixed therefor. All the work, 
labor and materials to be done and furnished under this contract shall be done and furnished 
strictly pursuant to, and in conformity with, the attached specifications and the directions of 
the Engineer ns given from time to time during the progress of the work under the terms of 
this contract, and also in accordance with the contract drawings, which said specifications 
and drawings form parts of this agreement. The Information for Bidders hereto attached 
and the Proposal submitted by the Contractor are also made parts of this contract. 

The Contractor shall conduct his work so as to interfere as little as possible with private 
business and public travel He shall, at his own expense, wherever necessary or required, 
maintain fences, provide watchmen, maintain red lights and take such other precautions as 
may be necessary to protect life and property, and shall be liable for all damages oocaaioned 
in any way by his act or neglect, or that of bis agents, employees or workmen. 

Art V'. No night work requiring the presence of an engineer or inspector will be per- 
mitted, except in case of eraergeney, and then only to such an extent as is absolutely neees 
sary, and with written permission of the Engineer, provided that this clause shall not 
operate in case of a gang organised for regular and continuous night work, and on work 
which can he, in the opinion of the Engineer, aatiafactorily performed at night. 

No Sunday work will be permitted, except in case of great emergency, and then only with 
written consent of the Engineer, and to such extent as he may judge to be necessary. 

Art. VI. W henevor the Cmatractor is not present on any part of the work where it may be 
desired to give directions, orders may be given by the Engineer, and shall be received and 
obeyed by the superintendent or foreman who may have charge of the particular work In 
reference to which orders are given. 

Art. VIl. The plans and specifications are intendsd to be explanatory of each other, but 
should any discrepancy appear or any misunderstanding arise as to the import of anything 
ooQtsined in either, the explanation of the Engineer shall be final and binding on the Con- 
tractor, Afey correction of errors or omissions in drawings and specifications may be mada 
by the Engineer when such correction is necessary for the proper fulfilment of their intention 
ae construed by him. 

Art. VI n. Necessary sanitary conveniences for the use of laborers on the work, properly 
■edludod from public obiervabon, shall be constructed and mainuined by the CotitractM la 
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muk nuuiner sad si looh points ss shsll b« l^»provfld. sad ih«ir uss shall bs stHetly taforesd 

Art. IX, The Contrsetor shall not permit nor suffer the latroduotion or use of latosl* 
eating liquon upon or about the works embraced in this oontrsct. 

Art X. The Contractor shall commence work within 10 days after the exeeution of this 
OMitraet by the board at such points as the Engineer may spprore and shall thereafter «on< 
tinue it at such pmnts and m such order of precedence as the Engineer may from time to time 
approve. 

The rate of progress shall be such that the whole work shall be performed In aooordaaea 
with the terms of this contract on or before 

In ease the Contractor fails to satisfaetorily complete the entire work contemplated and 

provided for under this contract, on or before the party of the first part shall 

deduct from the payments due to the Contractor the sum of ten dollars ($10) for eaoh cal- 
endar day of delay, which aum is agreed upon not as a pennlty but as fiseil snd liquidated 
damages for each day of such delay, to be paid in full and subject to no <leduction. If the 
payments due the Contractor are less than the amount of such liquidated damagea, said 
damages shall be deducted from any other moneys due or to become due the Cootractor, and 
in case said damages shall exceed the amount of all moneys due or to become due the Con- 
tractor, then the Contractor or his surety shall pay the balance to tlie party of the first part. 

The rate of progrem herein required has been purposely made low enough to allow for tha 
ordinary delays incident to construetton work of this character. No extension of tims will 
be made for ordinary delays and accidents, and the occurrence of such will not relisvs tba 
Contractor from the necessity of maintaining these rates of progress. 

The time in which this contract is to be performed and the work is to be completed is of Iba 
essence of this agreement. 

Art XI. The party of the first part and the Engineer, agents and employees of the party 
of the first part may, for purposes already sp<H<ified and for any other purpose, enter upon the 
work and the premises used by the Contractor, and the Contractor shall provide safe and 
proper facilities therefor. Other contractors of the party of the first part may also, for all 
the purposes which may be required by their contracts, enter upon the work and tba 
premises used by the Contrsetor. 

The Engineer shall be furnished with every reasonable facility for ascertaining that tba 
work is In accordance with the requirements and intention of this contract, even to tbs axtant 
of uncovering or taking down portions of finished work. 

Art. XII. The inspection of the work shall not relieve tbs Contractor of any of his obli- 
gations to fulfil his contract as herein prescribed, and defective work shall be made good and 
unsuitable materials shall be rejected, notwithstanding that such work and materials bavs 
been previously overlooked by the Engineer and accepted or estimated fur payment. If tba 
work or any part thereof shall be found defective at any time before the final aooeptanca of 
the whole work, the Contractor shall forthwith make good such defect, in a manner aatla- 
factory to the Engineer, and if any material brought upon the ground for use in the work, or 
selected for the same, shall be condemned by the Engineer as unsuitsble or not in conformity 
with the specification, the Contractor shall forthwith remove such materials from ths vicinity 
of the work. Nothing in this contract shall be construed as vesting in the Contractor any 
right of property in the materials used after they have been attached or afllxed to the work or 
the s(dl. but all such materials shall, upon being so attached or affixed, become the property 
of the parly of the first part. 

Art. XIII. The Contractor shall employ enough competent men to do the work. If, lathe 
opinion of the Engineer, the Contractor is not employing sufficient labor to complete thia 
contract within the time specified, said Engineer may, after giving written notice, require 
said Contractor to emidoy such additional labor as may be necesMry to enable said work to 
properly progress. 

Art. XIV. The Contractor shall employ only competent men to do ths work, aad wbeo- 
evCT the Engineer shall notify the Contractor in writing that any mao on the work is, la his 
opinioa, incompetent, unfaithful, dis<Mrderly or otherwise unsatisfactory, or not employed in 
accordance with the provisions of Article XV, such mao shall be discharged from the work, 
and lhall not again be employed on It, except ailh the consent of the Engineer, If, in the 
opinion of the Engineer, the Cootractor is not employing sufficient labor to complete this 
cmitract within the time specified, said Engineer may, after giving written notice, reqvira 
eaid Contactor to employ such additional labor as may be neoeaeary to enable said work to 
properly progress. The judgment of the Engitteer as to whether said work is pragrwalng at 
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such a rate an (o enable it to be completed at the time herein specified shall be final and 
binding. Any action of the Engineer under this Article shall not affect the right of the party 
of the first part to annul this eon tract os provided in Article XX. 

Art. XV. The Contractor shall keep himself fully informed of all existing and future 
State and National laws and local ordinanoes and regulations in any manner affecting thoee 
engaged or employed in the work, or the rnatenais used in the work, or in any way affecting 
the conduct of the work, and of all such orders and decrees of bodies or tribunals having any 
jurisdiction or authority over the same; and shall protect and indemnify the party of the first 
part and it« offices and agents against any claim or liability arising from or based on 
the violation of any such law, ordinance, regulation, order or decree, whether by himself or 
his employees. 

Art. XVI. The Contractor, in the construction of the work, shall give preference in 
employment to oitisons of the Town of . . , and where citisens of said Town are not 

available, shall give preference to citizens of the State of lln some states. 

municipal contracts are required to contain quotations from laws regarding employment 
of labor These should be inserted here For private contracts, this article can be omitted.) 

Art. XVII. The Contractor shall give his personal attention constantly to the faithful 
prosecution of the work, shall keep the same under his personal control and shall not ss- 
•ign by power of attorney or otherwise, nor sublet, the work or any part thereof, without the 
previous written consent of the party of the first part, anrl shall not.eitlier legally or equitably, 
assign any of the moneys payable under this agreement, or his claim thereto, unless by and 
with the like consent of (he party of the first part. 

Art. XVIII. The Engineer may make altcrationsin the hue. grmlo, plan, form, dimensions 
or materials of the work, or any part thereof, cither before or after the commencement of 
construction; if such alterations diminish the quantity of work to be done, they shall not 
warrant any claim for Umnages or for anticipated profits on the work that may be dispensed 
with; if they increase the amount, of work, such increase shall be paid for according to the 
quantity actually done and at the jinces stipulatiHi for such work under this contract. 

Art. XIX. The ('oiitractor shall take all resptmsibility for the wrirk, and take all pre- 
cautions for preventing injuries to persons and property in or about the work, shall bear all 
losses resulting to him on account of the amount or character of the work, or because the 
nature of the land in or on which the work is done is different from what was estimated or 
expecttKl, or on account of the weather, elements or other cause; and he shall assume the 
defense of, and indemnify an<l save harmless the party of the first part and their officers 
and agents, from all claims relating to labor and materials furnished for the work; to inven- 
tions, patents and patent rights used in doing the work; to injuries to any person or corpor- 
ation received or sustained by or from the Contractor and hw employees in doing the work, or 
in consequonco of any improper niatoriuls. implements or labor used therein, and to any act, 
omission or neglect of the Contractor and his employees therein. 

The Contractor shall carry liability insurance or workmen's compensation insurance, and 
also public liability insurance, together covering bodily injuries to his employees and the 
public received as a oonsi*quenco of the performance of work uritler this contract 

Art, XX. If the work to bo done under this contract shall be abandoned, or if this 
contract or any part thereof shall be sublet without the previous written consent of the 
party of the first part, or if the contract or any claim thereunder shall be assigned by the 
Contractor otherwise than os herein specified, or if at any time the Engineer shall be of the 
opinion, and shall so certify in writing to the party of the first part, that the conditions herein 
specified as to the rate of progress are not fulfilled, or that the work or any part thereof 
is unnecessarily or unreasonably delayed, or that the Contractor has violated any of the pro- 
visions of this oontract, the party of the first part may notify the Contractor to discontinue 
all work or any part thereof; and thereupon the Contractor shall discontinue auoh work or 
sueh part thereof as the party of the first part may designate and the party of the first part 
may thereupon, by contract nr otherwise as it may determine, complete the work, or such 
part thereof, and charge the entire expense of so completing the work or part thereof to the 
Contractor; and for such completion the party of the first part for themselvee or their ooir* 
traotors mii|| take poisasion of and use or cause to be used in completion of the work or ‘part 
thereof any of such materials, animals, machinery, implements and tools of every deecriptioo 
M may be found at the looation of said work. 

Ail expenses charged under this Article shall be deducted and paid by the party of the firet 
part out of any moneys then due or to become due to the Contractor under thie oontraot, or 
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Any put tkersof; wd in such ncoounting the pnrty of the first put ahan not be held to oblnfai 
the lowest ficurea for the work of cfompleting the eontnetor any part thereof, or for ineuriog 
ita proper eomidotion, but ail eums actually paid therefor ahall be charged to the Contractor. 
In ease the expenses so charged are lees than the sum which would have been payable 
under this oontract if the same had been completed by the Contractor, the Contractor 
ahall be entitled to receive the difference; and in ease such expenses shall exceed the said 
sum, the Contractor shall pay the amount of the excess to the party of the first part. 

Art. XXL The Contractor shall pay to the party of the first part all expenses, iosaee and 
damages, as determined by the Engineer, incurred in consequence of any defect, omission or 
mistake of the Contractor or his emphvyees, or the making gimd thereof. 

Art. XXTI, The Contractor shall do any work not herein otherwise provided for, when and 
as ordered in writing by the Kngiiiwr or his agents specially authorised thereto in writing, 
and shall, when requested by the Kngine(>r so to do, furnish itemised statements of the cost of 
the work onlcred anti givi* the Engineer aeress tuaecounls, bills and vouchers relating thereto. 
If the Contractor claims coniptnisation for extra work o<it ordered as aforesaid, or for any 
damages sustained, he shall, within one W4«ek after the beginning of any such work or of the 
sustaining of any such damage, make a written statement of the nature of the work performed 
or damage sustained, to the EngintH'r. and shall, on or before th<^ fifteenth day of the month 
succeeding that in which any such extra work shall have been done or any such damage shall 
have l>een sustained, file with the Engineer an lUmiired statement of the details and amount 
of any such work or damage, and unless such staU'iiients shall Im made as so required, his 
claim for compensation shall he forfeiti>d and invalid, and ho shall not be entitletl to payment 
on account of any such work or damage. 

For all such extra work, the Ciinlractor shall receive the reasonable cost of said work, plus 
fifteen i)er cent of such cost, in accordance with Item 17 (The references to Items are to 
paragraphs under Art XXIV) 

The decision of the Engineer shall Im* final u|H»n all questions of the amount and value of 
extra work, and he shall inclutle in such value the cost to the (’ontractor of all materials used, 
of all labor, common and skilled, of foremen and teams, and the fair rental of all machinery 
used u|>on the extra work, for the period of such use, which was upon the work before or which 
■hall be required bv or used u|><)n the work after the extra aork is done If said extra work 
requires the use of inachiiiery not ujmn the work or to be used upon the work, then the oost 
of transportation of such machinery to and from the work shall bo addeti to the fair rental, 
but said transfiortation shall noicoveradistaneeexeeeding .. miles. He shall include in 
the value of extra woik the cost to the Contractor of employers’ liability insurance or work” 
men’s compensatioji insurance, and also public liability insurance, together covering bodily 
injuries tci his employees and the public resulting from the extra work. The Engineer 
shall not include in the value of extra work any cost or rental of small tools, buildings or 
any (tortion of the time of the Contractor or his Huperin ten dent, or any allowance for use of 
capital, these items Ixung considered as being covered by the fifteen per cent, added to 
the reasonable cost 

Art. XXII 1. The party of the first part may keep any moneys which would otherwise be 
payable at any time hereunder, and apply the same or so much as may be neeesssu'y therefor, 
to the payment of any expenses, losses or damages incurred by the party of the first part, and 
determiniKl as herein providtKl, and may retain, until ail claims ate Mettled, sr; much of such 
moneys as the party of the first port shall he of the opinion will be required to settle all claitui 
against the party of the first part and their officers and agents, and all claims for labor on the 
work, and also all claims for materials used in the work or the party of the first part rogy make 
suoh settlements and apply thereto any moneys retained under this contract. If the moneye 
retained under this contract are iDsuffiment to pay the sums found by the parly of the first 
part to be due under the eUims for labor and materials, the party of the firet part may, at 
their discretion, pay the same and the Contractor and surety shall repay to the party of the 
first part the sums so paid out. The party of the first part may also, with the written eon- 
sent of the Contractor, use any moneys retained, due or to become due under thb oontraet for 
the purpose of pa)'ing for both labor and materials for the work, for which claims have not 
been filed in the office of the party of the first part. While it is understood that the security 
required to be given by the Contractor is furnished by the Contractor by his giving the bond 
aecompanying this contract, the party of the first pari may, nevertheless, if it shall deem 
it just and equitable so to do, cause any moneys retained, due or to become dua, lo be held 
and applied to the peiyment for labor or materiab furniebed or eupplied by said Cootraelor 
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fonrbiohb9b»$aot made payment in full. The Contractor aball at auoh timeaaa mooejv «« 
payable hereunder, deliver to the Engineer a aworn statement, abowing aa of that date tiie 
amount owing by him for materials and labor performed. 

Art. XXIV. The Town shall pay and the Contractor shall receive as full oompenaaCioB 
for everything furnished and done by the Contractor under this contract, inoludina all work 
required but not specihcally mentioned in the following items, and also for all loss or damage 
arisiof out of the nature of the work aforesaid, or from the action of the elements, or from 
any unforeseen obstruction or difficulty encountered in the prosecution of the work, and for 
all risks of every description connected with the work, and for all expenses incurred by or in 
consequence of the suspension or discontinuance of the work as herein specified, and for well 
and faithfully completing the work as herein provided, as follows: 

Item la. For all earth excavation for pump well, and earth excavation in trench from 
surface to depth of not over six (ft) feet for sewers, manholes, and other appurtenances, 
including all sheeting, bracing, pumping, back-filling, resurfacing, etc., and the care of exist- 
ing structures, precautionary nieasurcs and all other work incidental thereto, as required by 
the specifications, but not including the earth excavation for that part of the Harborside 
■ewer to be constructed of cast-iron pipe, the sum of (I . . . ) per cubic yard. 

Item lb. For all earth excavation in trench below six (6) feet for sewers, etc. (as above 
stated) the sum of . . (I . . ) per cubic yard. 

The items inserted here but not reprinted correspond with those in the “Information for 
Bidders" and the “Bid or Proposal ”1 

Item 1 7. For extra work, if any, performed in accordance with Article XXII of this con- 
tract, the reasonable cost of the work as determined by the Engineer, whose determination 
•hall be final, plus fifteen per cent (15%) of such cost. 

Art. XXV. The Fingineer shall, once in each month, make an estimate in writing of the 
total amount of the work done to the tune of such estimate and the value thereof. The 
party of the first part shall retain fifteen per cent of such estimated value as port security 
for the fulfilment of this contract by the Contractor, and shall monthly pay to the Contractor 
while carrying on the work, the balance not retained os aforesaid, after deducting therefrom 
all previous payments and all sums to be kept or retained under the provisions of this con- 
tract. No such estimate or payment shall be required to be made when, in the judg- 
ment of the Engineer, the total value of the work done since the last estimate amounts to 
less than three hundred dollars (|300). Payment may at any time be withheld if the work 
it not proceeding in accordance with the contract. The party of the first part may, if 
they deem it expedient so to do, cause estimates to t>e made more frequently than once in 
each month, and they may cause payments to be made more frequently to the Contractor. 
The party of the first part may at their option retain temporarily or permanently a 
smaller amount than is aforesaid, and may cause the Contractor to be paid temporarily 
or permanently from time to time during the progress of the work, such portion of the 
reserve as they deem prudent. 

The Engineer shall, as soon as practicable after the completion of this contract, make a final 
Qsiimats of the amount of work done thereunder, and the value of such work, and the party 
of the first part shall, within sixty days after such final estimate is so made and is approved 
by the party of the first part, pay the entire sum so found to be due hereunder after deducting 
therefrom all previous payments and all amounts to be kept and all amounts to be retained 
under the prov'isiona of this contract, including the two per cent, of the amount of the con- 
tract to be retained as hereinafter provided for the making of repairs. All prior partial 
estimates and payments shall be subject to correction in the final estimate and pajunent. 

It is distinctly agreed and understood that any changes made in the plans and specifica- 
tions for this work, whether such changes increase or decrease the amount thereof or any 
change in the manner, time or amounts of payments made by the party of the first part to the 
Contractor, whether before or after the time for completion specified in this contract, shall 
in no wise annul, release, or in any way sJTect the liability and surety on the bond given by 
the Contractor. 

The Contractor guarantees the woric done under this contract, and that the materials used 
in the oongH’uetion of the same are free from defect* or flaws, and this guaranty is for a' term 
of nine months from and after the date upon which the final estimate of the Engineer is 
formally approved by the party of the first part. 

It Is hereby, however, speeially agreed and understood that this guaranty shall hoi include 
my fepaini made naowssery by any oeues or omses other than defective work or materials in 
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the ooaetruetioa of the aewere. The CoBirftetor riiell »t eU tlmee within tnld term ol nine 
Qonthe keep the eurfaoe of the ground over this work, or ndlMent thereto, in the poattktnnad 
oonditi(»i required by this ooQtrnet, end refill nay settleineDt or erosion in the bnok'fiUlagor 
any surfnoe graded by him due to any cause whatsoever, when so directed by the Rngineer; 
should he fail to do so, the party of the first part may have said work done as deserlbed 
below. 

Art. XXVI. The party of the first part may retain out of the moneys payable to the 
Contractor under this contract the sum of two per cent, on the amount thereof, and may 
expend the same in the manner hereinafter provided for in making such repairs of said work 
as the Engineer may deem expedient. If. at any time within the said term of nine months, 
any part of the work eontempiated in this contract shall, in the opinion of the Engineer re* 
quire repairing, the Engineer may notify the Contractor in writing, to make the required 
repairs. If the Contractor shall neglect to make such repairs to the satisfaction of the £n|d- 
neer within three days from the date of giving or maitmg such notice, then the Engineer may 
employ other persons to make the same. The party of the first part shall pay the expense 
of the same out of the sum retained for that purpose. Tpon the expiration of the said term 
of nine months, provided that the work at that time shall be in good order, the Contractor 
shall be entitled to receive the whole or such part of the sum last aforesaid as may remain after 
the expense of making said repairs, in the manner aforesaid, shall have been paid there* 
from, but if said expense is in excess of the sum of 2 per cent, retained, the Contractor shall 
pay to the Town the amount of the excess. 

It is. however, agreed that the party of the first part may apply or keep the sum so retained 
to or for payment of other claims arising and made payable by the Contractor under the pro- 
visions of this contract but remaining unsatisfied. 

Art XXVII. Neither the inspection of the party of the first part, or Engineer, or any of 
their employees, nor any order, measurement or eertificate by the Engineer, nor any order by 
the party of the first part for the payment of money, nor anv payment for, nor aooeptanre of, 
the whole or any part of the work by the EngiDem* or party of the first part, nor any extension 
of time nor any possession token by the party of the first part or their employaes, shall 
operate as a waiver of any provision of this contract, or of any power herein reeerved to the 
party of the first part, or any right to damages herein provided; nor shall any waiver of any 
breach of this contract be held to be a waiver of any other or subsequent breach. Any 
remedy provided in this contract shall be taken and construed as cumulative, that is. In 
addition to each and every other remedy herein provided, and the party of the first part 
shall also be entitled of right to a writ of injunction against any breach of any of the pro- 
visions of this contract. 

Art. XXVIII. No person or corporation, other than the signer of this eontract as Con- 
tractor, now has any interest hereunder, and no claim shall be made or be valid, and neither 
the party of the first part, nor any agent thereof, shall be liable for, or be held to pay any 
money, except as provided in Articlee XX, XXII. XXIII, XXIV, XXV and XXVI. The 
acceptance by the Contractor of the last payment made as aforesaid under the provisions 
of Article XXV, shall operate as and shall be a release to the party of the first part and 
every agent thereof, from ell claims and liability to the Contractor for anything done or 
famished for. or relating to, the work, or for any act or neglect of the party of the first part 
or of any person relating to or affecting the work, except the eloini against the party of the 
first part for Uie remainder, if any there be, of the amounts kept or retained as provided in 
Articles XX HI and XXVI. 

Art. XXIX. The Contractor, by accepting and signing this contract, hereby siprswly 
releaecs and dtsobargee the individual members of the party of the first part and ea^ and 
every employee or agent thereof, from any and all personal liability of every nans and 
nature. 

Art. XXX. The address given in the bid or proposal upon which this eontiaet is 
founded is hereby designated as the place where notices, letters and other oommunleaiions to 
the Contraetor shall be certified, mailed or delivered. The delivering at the above named 
.place or depositing in e poet-peid wrapper directed to the above plane, in any poetoflee boi 
regularly maintained by the Poetoffiee Department of any notice, letter or other oommunica* 
tion to the Contractor, shall be deemed suffioieot service there<ff upon the Contractor. 8adt 
addreee may be changed at any time by an ioatrument in writing, executsd sod aeknowlsdiid 
by the CboUaetor and delivered to the party of the first part. Nothing btreiB eontainsd 



462 


AMERICAN SEWERAGE PRACTICE 


■hall be deemed to preclude or render inoperative the service of any notice, letter or other 
communication upon the Contractor pemonally. 

In witnew whereof, the said 

party of the first part have hereunto set their hands and seals and the Contractor has also 
hereunto set his hand and seal, and the party of the first part and Contractor have executed 
this agreement in duplicate, one part to remain with the party of the first part and one part 
to be delivered to the Contractor this day of in the year one thou- 
sand nine hundred and fourteen. Town of by 

(Seal) 

(Seal) 

BOARD OF SELECTMEN 

(Seal) 

(Seal) 


A TYPICAL FORM OF CONTRACTOR’S BOND 

Know all men by them' jtremmts, 

That we as principal: and 

as surety, 

are held and hrtnly bound unto the Town of in the sum of Five Thousand 

Dollars (lAOOO) lawful nuin<>y of the United States of America, to be paid to the Town of 
or to Its attorney, suceessors or assigns, for which payment, well and truly to be 
made, wo bind oursclvcH, our succc'ssorH and our several and respective heirs, executors and 
a<lin<nistratorH, jointly ainl sovorally, firmly by these presents 

WHEREAS, the above boumh-n . . .. . 

baa made a contract with the Town of . . , bearing date the day of 

11114, to furnish material and labor for, and in good, sufficient and work- 
manlike manner, construct sewers in the Town of . . . , together with all the work 

incidental thereto 

NOW, THEREFORE, the condition of this obligation is such that if the said principal 
shall well and truly kei'p and p<‘rforrn all the agreements, terms and conditions of said con- 
tract on part to be kept and performed, and shall also pay for all labor per- 

formed or furnislied, and for all materials used, in the carrying out of said contract, then this 
obligation shall be voul, (Uherwise it shall remain in full force and virtue. 

In witness whereof, the said of 

has hereto set hand and seal and the said 

of . 

has caused these presents i<i he executed by its duly authorised officers and its corporate seal 
to be hereto affixed this day of 1914, 

(Seal) 

CONTRACTOR. 

(Seal) 

Signed and sealed in the prestmee of 

TYPICAL GENERAL SPECIFICATIONS 

It is the practice of the authors to jirint a descriptive head over 
each numbered clause in both the general and technical specifications 
prepared in their offices. Their purpose is indicated by a note at the 
beginning of the Contract, stating that such headings in the pamphlet 
containing the Information for Bidders, Contract and Specifications 
are inte^ed only for convenience of reference, and do not form a part 
of either the Contract or Specifications. These headings are omitted 
in the following specifications, as each engineer will probably prefer 
to prepare his own, but they should always be inserted on account of 
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the assistance they give in finding rapidly the requirements relating 
to any subject. For the same reason, a good index to the speciBca- 
tions is very desirable. The authors prefer to use Homan numerals 
to designate the clauses of the general specifications and Arabic num- 
erals for the technical specifications. The clauses of a general nature 
which are given here must be considered merely as illustrative of 
the class of information appropriate under such a head, and not as 
models to be copied. 


CONTRACT 

Art III. The Engineer shall make 
all necessary explanations as to the 
meaning and intention of the specifi- 
cations, shall give all orders and di- 


(JENKHAL SPECIFICATIONS 
Order of Work 

Section IV. The order or st'quence of 
execution of the work and the general 
conduct of the work shall he subject to 
the approval and direction of the Engineer, 


VITRIFIED PIPE 
Item 7 

Description of Pipe 

Section 7.1. The vitrified clay pipe used 
on the work shall be made of satisfactory 
material, thoroughly vitrified, well and 
evenly salt glazed both inside and out- 
side, free from cracks, warps, fire cra»;k«, 


Excerpts from specifications illustrating typographical style and method 
of numbering clauses. 

I. The work b«rein specified to be done conauiUi of fumiehinf materia]* for aod the 

eonatruotion of aewem in the villaae of Town of Maine. 

II. The Contractor iball fumiah and do evtnythinc, eicept an herein otherwiae provided* 
ntrniMirf to complete the work in accordanoe with the terms of this contract and with tba 
.reqttirementa of the Engineer thereunder. He is to make the requndte excavations for 
building the various structures: to do all ditching, pumping, bailing and draining, all ahaeC- 
ing, shoring, bracing, eofferdaromiog and supporting, all fencing, lighting and watching; 
to make all provisions necessary to maintain and to protect existing sinieiurea of whatever 
kind; to’rapiur all damage done to such strueiuree; to oonstruet all brick, oooerete, aad 
atone work; to aet in plnoe ironwork; to refill ezoavationa aa roquired; to dear away all 

ao 
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"MX’fMl. “Od li> /urowh all materials, all toola. ia.r.1 . . 

d.l.y. in handlm, the matr^tairvl i . Contntetor 

tr~.ter, who rf-all Ptevltr.w, '>» <“ “‘e «Pon» „, .h. <Z 

«- o( th, work and Tr^soto^rt!^,"* T'T '‘“^n* th. pm^ 

until ,h. final aoooptenre of the oomplr J Zk! *" 

-.11 b.IuWo"t'*teTh,7pp?ov.uTAno1‘^^^ “» »»* 

shall, however, in no wise affect in the e a t t '*'iti*it approval or direction 

trader, ■" »f '*"> »»* the responatbility of the Co“ 

pro'vide^t *'7 *“ Contractor, who shall 

En«incer. ’ “‘o"»“ *“<1 aeaistanoo as may be required by the 

leveU and ffradeVm^TrtTrElt^Ktr^rZrbT b°”lt “ ‘’"7'"“” ^ ««>. 

workmanlike manner, in aeeordanec with the nl 77 “ ‘'■“'’oukhly substantial and 

him, subject to such mod.fieat.on, and ndduion. a,“lfi'7dT" 7”“ ‘I"" 

iu eaoeution, and in no case shall any work m er ^ ^ ^med necessary by him during 

AllTork d'’“‘' --r^ngine7 ° »»- 

neerordrrrir^:rnto7'rir„r 

eaeept when such work is authorised by the “'“"“od “r paid for 

ordm^ removed and replaced at -^m C^nttttTr erar'ape^f “ “““ ^ 

bottom Of the iiiLc Of ««»umGd herein to mean the 

Md measurements of the depth of earsvation 7 “7 *7”'' 

depth of two-tenths (0.2) of 7oot below this er7 .7“' "“''■“on) shall be to a 

constructed, in which ease it shall be to a I 77 i'™ otadle is 

Fmieline. In theeawiof oek e “!v«.7n ^hf^ *-'»» '“d 

(0.5) of a foot below «..d armle Hne eZp. 7. “’"'-‘‘■“h. 

case it riiall be to a depth of thirty-throe hundn^Th^ 7ltw '7 ''.’'7'”7'd'd' i“ which 

VIII. The trench Imea referred to herein «» below gaid grade line, 

which the pipe U to be laid. They ghall bo LjumoVlT^ ?! P*aneg between 

tronoh-width of three (3) feel ghall be aMum ^ a ^ ^ ^ >"< * 

IX. The Contractor girall nol afL c 5 

necupy with men, tool, or material, .ny?and outsirt:. ^r^f rkT;!™' ” 



CHAPTER XVII 


TECHNICAL SPECIFICATIONS 

Specifications must not only describe accurately and clearly the 
classes of materials, character of work and other features of the obliga- 
tions assumed by the Contractor, but must present this information 
in such a way that it explains just what must be furnished by the 
Contractor for the price named under each item of his “bid or proposal.” 
Some engineers prefer to include all excavation, bracing, bailing, pipe 
and specials, pipe la>nng and backfilling under a single item, obtaining 
a unit price per foot of completed sewer for each size of pipe; others 
prefer to buy their pipe and specials under a separate contract, and to 
pay the contractor for trench work in one item and pipe laying and joint- 
ing in another. Consequently the actual form of many parts of speci- 
fications intended to cover sewers of exactly similar character may vary 
widely on account of this difference of opinion regarding the best sub- 
division of the work for purposes of payment. Again, some engineers 
prefer to give a contractor a much wider range of choice in the methods 
of construction than other engineers consider advisable, and this differ- 
ence of opinion is strongly shown in a comparison of some specifications 
for the same class of structures built under the same conditions. 

The form of the authors' specifications is now based on the arrange- 
ment of the items in the “bid or proposal.” In the case of the contract 
cited in Chapter XVI, for example, the items were : 1 . Earth excavation; 
2. rock excavation; 3, concrete masonry; 4. brick masonry, and so on. 
The specifications were arranged with the general clauses relating to 
the location and nature of the work, the inspection, the lines and grades 
and such matters, at the beginning, each of those clauses having a Roman 
number. The technical clauses came next, arranged in the order of 
the items in the bid. Under earth excavation, for example, there were 
13 clauses, each of which was desigiuited by a decimal number. The 
fact that a clause related to the first item was indicated by the number 
1 preceding the decimal point, while the number 12 following the 
dectnml point indicated that the clause was the twelfth relating to 
earth excavation. This arrangement and numbering is decidedly 
helpful in keeping the relations of the hid and the specifications dearly 
in view at all times. But such an arrangement is not necessarily the 
most convenient for a general study of the technical features of specifica- 

AAi; 
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thus, and in what follows each subject has accordingly been taken up 
as an independent article, with its clauses numbered consecutively. 

The following general requirements for sewers are based primarily 
on the specifications prepared by the authors in collaboration with J. B. 
F. Breed, Chief Engineer of the Commissioners of Sewerage at Louis- 
ville, Ky., under which about 85 contracts were executed and about 
$3,300,000 spent, without any successful attack being made on them. 
As some of the contracts were taken at low unit prices, it is reasonable 
to assume that the stipulations were scrutinized minutely by numerous 
comi)etent critics searching for everj^ point of attack where there was 
any prospect of success, la addition to these Louisville specifications, 
the specifications prepan^d by I']. J. Fort, Rudolph Hering and A. J. 
Provost, Jr., wliich were jmnted in the 1912 “Proceedings” of the 
American Society of Municipal Improvements, and the “Standard 
Specifications for Construction of Main and Branch Sewers” of the 
Philadelphia Bur(‘au of Surveys have received special study, and the 
requirements of a number of cities regarding certain features have been 
obtained. It is believed that the following techical specifications reflect 
as well IIS practicable the present statcof the art of American sewerage- 
practice. 

There are certain omissions which will be evident at once to the ex- 
perienced engineer. One of these omissions is the absence of any cast- 
iron pipe s|>ccifications, wliich is due to the possible revision of the 
specifications of the New England Water Works Association and 
American Water Works Association for the purpose of bringing them 
into praiitically complete harmony. Neither are there any specifica- 
tions for pavements laid over sewer trenches after the latter arc filled, 
because such specifications have to be drawn in most cases to meet the 
local conditions of every street. The most important thing to specify 
is the thorough consolidation and rolling of the subgrade, so as to 
prevent any settlement of the backfilling after the pavement has been 
relaid. As the torn-up pavements are usually somewhat worn, it 
will be impracticable in most cases to replace them with a strip of pave- 
ment of the original height of the old work, as that would leave a ridge 
running along the roadway. The authors’ experience leads them to 
believe that usually the safest way to avoid controversy is to require the 
contractor to “reconstruct” torn-up curbing and roadways in accord- 
ance with the drawings and the lines and grades given by the Engineer. 
To emphasize further that reconstruction is contemplated, the authors 
require the contractor to replace or replenish with new materials of 
similar find and of a quality satisfactory to the Engineer all paving 
materials and curbing lost or damaged in handling or insufficient in 
quantity to complete the reconstruction of any block between adjacent 
streets. In case a new pavement is desired, the local specifications 
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should be used il the Street Department so desires; otherwise the stand- 
ard specifications of the American Society of Municipal Inprovcmcnte 
may be studied with profit. 

The authors repeat that in some respects the following specifications 
are not those used in their own practice, but are believed to be repre- 
sentative of the general opinion of sewerage specialists in 1914, so far 
as it can be learned. 

ART. i.-EXCAVATION 

1. No trench shall be openwl more than 200 ft. in advance of the oompleted sewor, with* 
out the written perminaion of the Engineer. Every trench in rook shall be fully opened at 
least 30 ft in advance of any place where masonry or pipe is being laid. In bad ground, 
such as running sand, the work shall be prosecuteil vigorously night and day without 
interruption, when ordered by the Engineer. TreiichcM for house drains shall not be 
opened on both sides of the street at the same time unless permission has been previously 
obtained to close the street Unless otherwise directed, each trench for street inlet or catch* 
basin connections and house drains shall be excavated for its entire length within the street 
lines before any pipe are laid in it. 

2. The “ lines of cicavatiun ” of trenches in earth and rock for pipe sewers, connections with 
street inlets and catch-basins, and houst^ drains, not over IHin in diameter, shall bo such as to 
give a clearance of at least 6 in on each side of the barnd of the pip<’, and a clcaranee of at 
least 8 in. on each side of the barrel of the pipe when the latter has an inside diameter exceed- 
ing 18 in. All trenches shall have a clear width between '•lines of excavation" equal to tbs 
tnazinium widths of the cradles of the sewers laid in them when such cradles are wider than 
the widths stated in the last preceding soatenoe. The "lines of excavation" of trenches in 
earth and rock for sewers other than pipe sewers shall bs se|)arated by a distancs squid to ths 
greatest external width of the structures to be built in them, including the necessary forms. 

3. Trenches shall be excavated to the depths required for the foundations of ths sewers 
and appurtenances shown on the drawings, and, where conditions make it necessary, to such 
additional depths as may bo directed by the Engineer. In no case shall earth be plowed, 
scraped or dug by machinery nearer than 6 in to the finished subgrade; the last 6 in. shall 
be removed with pick and shovel just liefore placing the masonry. 

4 . Excavations directed to be made below the masonry, pipe or underdrain shall bs 
refilled with gravel, broken stone or other approved material, spread in layers not more than 
4 in. thick, and thoroughly moistened and tamped. The measurement of this refilling shall 
be in place in the work, and the price agreed upon under I tern . . . shallincludo the cost of 
furnishing, placing and consolidating the material and all other work incidental to it. 

6. The minimum dimensions of the excavation in earth for a manhole, oateb-bsaio, 
reoeiving basin, riser, street inlet or other special structure shall be those of a prism with 
vertical sides and a horiaontal section equal to the smallest section which will include such 
special structure and its foundations and. in the case of concrete structures, space not eseaed- 
ing 6 in in width for the proper plat ing and removal of the necessary forms. 

6. Rock, wherever used as the name of an excavated material, shall mean boulders 
exceeding 1/2 cu. yd. in volume or solid ledge rock which, in the opinion of the Engineer, 
requires for its removal drilling and blasting, or wedging, or sledging or barring, No soft 
or disintegrated rock which can be removed with a pick, no loose, shaken or previously 
blasted rock, no broken stone in rock fillings or elsewhere, and no rock which may fall into tbs 
trench from outside the limits of exosvation riiown on the drawings will be messured or 
allowed. 

7. In rock ths trench shall be carried 6 in. below the invert grade of a pipe aewsr when no 
underdrain is required; if an nnderdrain is required the trench shall be carried to the depth 
and width required by the underdraio and gravel or broken stone refilling, as shown to the 
drawings. In the ease of masonry sewers the rock shall be excavated to the depths required 
tor the foundations and to a width 6 in. greater on each side than that of the masonry. The 
minimum dimensions of the exeavation in rock for » manhole, oateh*ba^ fiuab^nnk or 
oClior ipootol atruetitro shall ba those oi a prisD with vartieal i ldra mmI a hociaootgl MOtfM 
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0 ia. wider oo each aide than the amalJest rectangle which will enoloae auch atruoture aod 
ita foundation. 

8. Kock ahall be atripped in sections which, unless otherwise permitted, shall be not leas 
than 60 ft. in length, and the Engineer shall then he notified in order that he may measure it. 
Rook blasted before such measurement ia made will not be paid for. 

0. Wherever a branch for a proposed sewer or extension of a sewer is built in rook, the 
required trench shall be excavated for a distance of not less than 5 ft. beyond the end of such 
branch, in the direction of the proposed sewer or extension. 

10. All existing gas pipes, water pipes, steam pipes, electric conduits, sewers, drains, fire 
cisterns and hydrants, railway tracks and other structures which do not, in the opinion of 
the Engineer, require to be changed in location, shall be carefully supported and protected 
from injury by the Contractor, and in case of injury they shall be restored by him, without 
additional compensation, to as good condition as that in which they are found. Where 
pipes, conduits or sewers arc removed from the trench, leaving dead ends in the ground, such 
ends shall bo carefully plugged or bulkheaded with brick and mortar by the Contractor, 
without additional compensatiun, 

11. Whenever it becomes necessary, in the opinion of the Engineer, to change the loca- 
tion of any sewer, drain or other structure, not otherwise provided for in these specifications, 
the Contractor shall do the whole of the work of making such changes, or such portions of it 
as the Engineer may direct, and the work will be paid for as extra work, 

12. The Contractor shall provide without additional compensation suitable temporary 
channels for the water that may flow along or across the site of the work. 

1.3. If the bottom of any excavation is taken out beyond the limits shown on the plans or 
prescribed by the Engineer, it shall be refilled at the Contractor's expense with concrete or 
other acceptable material in such manner as the Engineer may direct. 

14. It is the intention to leave all paved surfaces over or adjacent to the sewer at the close 
of the work In good condition, and to that end the Contractor will be required to remove 
carefully and conserve free from any admixture of other materials all surfacing and paving 
materials and curbing disturbed, and to replace the same as directed in Article .... [This 
article should contain the local specifications, with any needed changes, for the classes of 
pavements used on the streets in whieh cuts are made; these reiiuirements are so varied that 
even a summary of them would bo out of place here } When the removed paving materials 
or curbing are lost, damaged or insufficient m quantity to complete the reconstruction of the 
pavement, they shall be replaced or supplemented with new materials of similar kind and of 
a quality satisfactory to the Engineer 

18, Unless permission is given to tlie contrary, the material excavated from the trench 
and the materials of construction shall be so deposited and the work shall be so conducted as 
to leave open and free for {ledestrian traffic all crosswalks, a space on each sidewalk not less 
than ono-third of the width of the sidewalk and not less than 3 ft in width, and for vehicular 
traffic a roadway not less than 8 ft. in width. Ail street hydrants, water gates, fire alarm 
boxes and letter boxes shall be kept accessible for use. Not more than . . . lin. ft of side- 
walk shall be used at any time fur storage of materials from any one trench. During the 
progress of the work the Contractor shall maintain crosswalks, sidewalks, and roadways in 
satisfactory condition, and the work shidl at all times be so conducted as to cause a minimum 
of inconvenience to public travel, and to permit safe and eonvenient access to private and 
public property along the lino of the work. 

16. Lawns on which excavated material is placed or walls which support it must be 
protected by planks or canvas. 

17. If all excavated material cannot be stored on the street in such a manner as to main- 
tain the traffic conditions specified in clause 15 of this article, the surplus shall be removed 
from the work aod stored. After the oonstruotion of the sewer, so much of this material as 
it of satisfactory quality and necessary for the purpose shall be brought back and used for 
baekflUtng the trench. 

18. When directed, in built-up districts and in streets where traffic conditions render it 
Bsoessa r y. the material excavated from the first . . , ft. of trenches shall be removed by the 
Contrae||fr as soon as excavated, and the material subsequently excavated, if suitable for the 
purposs, ahall be used to backfill the trenches in whieh the sewers have been built, and 
neither the excavated material nor materials of construction shall be stored on the roadways 
or sidewalks. 

19. When required by the Engineer, suitable fences shall be placed along the sides and 
ends of the trsnebes to keep tbs strsets safe for traffic. 



TECHNICAL SPECIFICATIONS 469 

20. TlinuUnc will not In allownl without tho appraval of Uio EnillMor, tad tho nolhod 
of tun^nc owl the location of all ehafu, portali and mochanieal plant need in the 
operations shall also be subject to his approval. All tunnels shall be equipped with a suA* 
eient number of lighU to insure proper work and inspection. A supply of fresh air suAeiaat 
for the safety and efficiency of workmen and engineers shall be provided at all times through* 
out the length of imy tunnel and especially at the headings. Additional lighU and ventilsf 
tion shall be supplied whenever directed by the Engineer. Headings are to be driven in both 
directions from tho shafts, unless otherwise directed by the Engineer. 

21. When earth excavation is paid for by the linear foot, the length to l>e paid for, whether 
in trench or tunnel (except where tunnel excavation is paid for under a special item) shall be 
the actual length in linear feet of the sewer constructed between the stations defining tha 
limits of the portions included in the item for such excavation. 

22. When earth excavation is paid for by the cubic yard, the quantity to be paid for shall 
be the number of cubic yards of material, exclusive of that paid fur as rock excavation under 
Item . . . , that would have been removed if the excavation were everywhere in trench and 
exactly to the depth of the bottom of the masonry, or of the platform under the masonry, or 
of the barrel of the sewer pipe, and were carried to the *' lines of excavation" shown on the 
drawings and defined in Clause 2 of this Article 

23. When so designated, the excavation for special structures sliall bo paid for by the 
lump sum. 

24. Tho prices agreed upon for earth and rock excavation and refill under Items . . , and 
. . . shall include tho cost of all excavation and refilling, the removal of and delay or damage 
occasioned by any timber or masonry structures or other obstacles (whether shown on the 
drawings or not), the disposal of excavated material by removal or by refilling trenches (in- 
cluding rolling, ramming and watering this material where required), refilling in tunnel with 
concrete, sand or gravel; sheeting and bracing in open cut and m tunnel, timbering left in 
place in tunnel, bridging and fencing and removal of same, coffer damming, diking, pumping 
and bailing and other methods of disposing of water and sewage in or alongside the trench, 
protection and restoration of buildings, fences, existing conduits and pipes with their appur- 
tenances, reconstruction of street pavements, sidewalks and grass plots, provision for the 
accommodation and protection of travel, and all other work incidental to the excavation, 
except that earth excavation and gravel refilling in trench below masonry, in accordance with 
Clause 4 of this Article, shall be included in and paid for under Items . , . and .... 

25. The quantity of rock excavation to be paid for under Item .... shall be the number of 
cubic yards of ledg<‘ rc rk or boulders, in place as if measured before excavation, that would 
have been removed if the excavation had been made everywhere exactly to the depth of the 
bottom of the concrete masonry and to tho limits stated in Clause 7 of this Article. The 
quantity of excavation in tunnel to be paid fur under Items . . . and . . . shall be the earth or 
rook lying within the "lines of excavation" indicated on the drawings. Wherever deemed 
necessary by the Engineer and ordered in writing, additional rock excavation shall be per- 
formed and will be measured to the lines stipulated by the Engineer and paid for at the prise 
stated in Item .... 


ART. 2.— SHORING 

1. The Contractor shall furnish, put in place and maintain such sheeting, bracing, etc., 
as may be required to support the sides and roof of the excavation and to prevent any movi^ 
meat which can in any way injure the masonry, diminish the necessary width of the exca- 
vation, or otherwuw injure or delay the work or endanger adjacent pavements, buildings or 
other structures. If the Engineer is of tne opinion that at any poinu, sufficient or proper 
supfiorts have not been provided, he may order additional supp<irts put in at tha expense 
of the Contractor, and the compliance with such orders shall not release the Contractor from 
his responsibility for the sufficiency of such supports. Care shall be taken to prevent voids 
outside of the sheeting, but if voids are formed they shall be immediately filled and rammed 
to the satisfaction of the Engineer. 

2. 'The Contractor shall leave in place to be imbedded in the backfill of the trench all 
sheeting, bracing, etc., not so shown on the plans which the Engineer may direct in writing 
to be left in place. The Engineer may direct that timber used for sheeting and bracing in 
trench bcTout off at any epeeifted elevation, in which ease the Contractor shall be paid for an 
amount equivalent to what would have been left in the ground bad the sheetiug been cut off 
nt an elevation 2 ft. higher, provided that this higher davation doaa not eany ialo the oatl 
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higher Bet of sheeting, in which latter case payjiient will be made only for the sheetings below 
the top of the set in which the cutting is made 

3. For the purpose of preventing injury to persons, corporations or property, whether 
public or private, the Imbiltty for damag'*H on account of which is to be assumed entirely and 
tolely by the Contractor under this contract, he may also leave in place to be imbedded in the 
backfill of the trench any and all sheeting, bracing, etc , in addition to that shown on the 
drawings or ordered in writing by the Engineer to be left in place, except that no sheeting 
and bracing which is within 4 ft. of the surface of the street may bo left in place in the trench 
without written permission from the Engineer, 

4. All sheeting and bracing which may not be left in place under the foregoing provisions 
of this agn*ement shall be removed in such manner as not to endanger the constructed sewer 
or other structures, utilities or property, whether public or private All voids left or caused 
by the withdraival of sheeting shall be immediately refilled with sand, by ramming with tools 
specially adaptini to that purpose, bv watering or otherwise as may bo directed. 

5 All sheeting and bracing used in tunnel shall be left in place except when removed by 
pf^rmission of the Engineer. 

fj. The right of the Engineer to order sheeting and bracing left in place shall not be con- 
strued as creating any obligation on his part to i.s8ue such orders, and his failure to exercise 
his right to do so shall not relieve the Contractor from liability for damages to persons or 
projierty occurring from or upon the work of con.structing the sewer occasioned by negligence 
or otherwise, growing out of a failure on the part of the Contractor to leave in place in 
the trench sufficient sheeting and bracing to prevent any caving or moving of the ground 
adjacent to the banks of the trench 

7. For the shei'ting and bracing which is shown upon the drawings to be left in place 
either in tunnel or in trench, tiu* Contractor shall ri’ccivc no payment, it being understood 
and ugrii-d that his compimsiition therefor is included in the price to be paid for excavation 
and refill 

For all timber used for sheeting, bracing and coffer damming actually left in the trench, 
which is not shown upon the plans to be left in place, but which shall bo ordered by the Engi- 
neer in writing to be left in place to bo irnbeddinj in the backfill at any time during the pro- 
gress of the work, the Contractor shall be paid the sum of | . . . per thousand feet B M.; 
this doi's not incluiie any timber in tunnel uniler Item . . 

For all timber used for sheeting, bracing, etc , which is not shown upon the drawings to be 
left in place and wlindi shall not bo ordered by the Engineer in writing to be left in place dur- 
ing the progress of the work, but which shall be actua)l 3 ' left m the trench for the conven- 
ience or to subserve the interests of the Contractor, the Contractor shall rcce.ive no payment, 
it iHung und«Tstoo<l and agreed that his compensation therefor is included m the price to bo 
paid for excavation and refill 

For none of the sluH'ting, bracing, etc., w'hich shall be removed from the trench nor for the 
cost of rmnoving the same shall any payment be made, it being understood and agreed that 
the compensation therefor is included in the price to be paid for excavation and refill 

ART. 3.— BLASTING 

1. All blasting oiwrations shall be conducted in strict accordance with existing ordinances 
and regulations relative to rock blasting ond the storage and use of explosives. Any rock 
excavation within fi ft of a water or gas mam less than 36 in in diameter and within 10 ft. 
of a water or gas mum 36 in or more in diameter shall be done with very light charges of 
explosive, and the utmost rare shall be used to avoid disturbing the main. 

2, All exposed sewers and special structures shall be carefully protected from the effects 
of blasts, and any damage done to them by blasting shall be promptly repaired by the Con- 
tractor at his own expense Sufficient warning shall be given to all persons in the vicinity of 
the work before blasting The site of the blast shall be covered with heavy timliers, blast- 
ing mats or other devices to prevent damage by flying rock. The time of blasting and 
the number and sise of charges shall be satisfactory to the Engineer. The blasting ahall* 
be done dlly by experienced men. 

S. Where tWa SM no local ordinances governing blasting and the storage of explosives, 
idl blsstiitg snppHrn nlMU be stored in a manner approved by the Engineer, and a watchman 
ahall bs ataAfonad at all times at the places of storage In no case shall caps or other ex- 
plodm ba fcapl at the piaoe where dynamite or other oxploaive ia stored. 
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ART. 4.— PUMPING, BAILING AND DRAINING 

1. Tb© Contractor nhall remove by pumpina, bailing or otherwiae any water whioh may 
accumulate or bo found in the trenches and other excavations made under this oontraot, and 
shall form all dams, flumes or other works necessary to keep them entirely clear of water 
while the sewers and their foundations, if any, are being constructed Newly laid masonry 
shall be protected from injury, resulting from the unwatoring work and plant, by the use of 
canvas, tar paper or by such other sufficient methods, as may be approved. The Contractor 
shall at all times have upon the works sufficient pumping machinery ready for immediate use. 

2 When directed by the Engineer, the Contractor shall lay a terra-cotta pipe with open 
joints, beddini in small gravel nr stone crushed fine, in the trench below the foundation of tbs 
spwer for suli-soil drainage Unless otherwise ordertwl, this pipe shall be 5 in. in diameter; 
the laying of thesi* underdrams shall be paid for at the prices named in Item . . . 

3. WaUir from the trenches and excavations shall be disposed of in such a manner as will 
not cause injury to the public health nor to public or private property, nor to the work com- 
pleted or in progress, nor to the surface of the streets, nor cause any ioterferenoe with the use 
of the same by the public 

4 Whenever so directed by the lOngineer, the Contractor shall excavate a trench from 
either or both ends of the sewer to a natural water-course, whether the excavation bn in earth 
or rock. The work shall be dune in accordance with grades and dimensions furnished by ths 
Engineer, and the Contractor shall be paid therefor at the prices stated in Items . . . 
and . . 


ART. 5.-BACKFILLING 

1 Unless otherwise directed, ait trenches and excavations shall be liaekfilled as soon as 
the cement in the 8tructun*s placed therein has acquired a suitable degree of hardness, and 
the work shall be prosecuted cxp«‘ditiously after it has lM*en commenced 

2 Eor a depth of at least 2 ft over the top of sewers, basin connections, house oonneo- 
tions and other drams, the rnnt<*rial used for backfilling trenches shall lie clean earth, sand or 
rock dust In the case of pqie s(>wers, the space between the pipe and the bottom and sides 
of the trench shall be packed full by hand and thoroughly tamped with a shovel or light tam- 
per, as fast as placed, up to the level of the top of the pipe The filling shall be carried up 
evenly on both sides The pipt! shall then be covered by hand to a depth of at least 2 ft. 
above its top, and at least one man engaged in tamping shall Ih* provided for each man shov- 
eiing filling into the trench The material shall be deposited carefully in the trench to 
avoid injuring the sewer, and in cam* it is placed in layers these shall not exceed 0 in. in 
thickness and each shall Ik* carefully and solidly tamped with appropriate tools in such a 
manner aa to avoid injuring or disturbing tho completed m*wer In the case of masonry 
sewers the backfilling below an elevation 2 ft above the top of the sewer shall be deposited 
in layers not over (i in. thick, each layer being leveled, wet if required, and thoroughly 
tamped before the next in placed, care being taken not to disturb or injure the sewer. 

3. The remainder of the trench, above an elevation 2 ft. higher than the crown of ths 
sewer, shall be backfilled with approved material free from organic Oiatter, no layer to bs 
more than I ft thick and each layer to be thoroughly tamped with rammers weighing not less 
than 20 lb before another is de|K»si(ed. Where the trench is not in a paved street, at least 
one man tamping shall hv provided for every two men shoveling. Where the trench is in a 
macadamised or paved street, the materiai shall be spread in layers not over 6 in thiok, and 
thoroughly rammed, there being provided one man ramming for each man shoveling. Un* 
less otherwise shown on the drawings, trenches shall be backfilled to the height of tbesurfaos 
of the ground as li existed at the commencement of the work Should then* be a defioieney 
of proper material fur the purpose, the contractor shall furnish and place such additional 
material as may be required 

. 4. No heavy rock shall be dropped into the trench until there is at least 3 ft. of fUl oetr 
the tdp of the sewer, and in depositing rook in the sewer, care must be taken that the rook 
does not injure the structure. Alt spaces between pieces of rock shall be filled with earth to 
insure there being no voids. 

5. Where the backfilling c.an l>e compacte<i in a suitable manner by flooding or puddling 
with water, the Contractor will be permitted to do so, but he shall furnish the water at hie 
own expense. 
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6. Wbea sheetinc in drawn, ali cavities remaining in or adjoining the trench shall be 
solidly filled. When sheeting is left in place, all cavities behind such sheeting shall be solidly 
fiUed. 

7. Backfilling within 2 ft. of manholes, catch-basins, fiush-tanks and other special stnio> 
tures shall be of the same quality as that specified in Clause 2 of this section. It shall be 
uniformly deposited on all sides and, unless otherwise permitted, solidly tamped in such a 
manner as to avoid injuring the structures or producing unequal pressures on them. 

8. Where the crown of the sewer comes close to the surface of the ground or extends 
above it, it shall be covered by an embankment at least 3 ft. thick over the top and sides of 
the sower, with side slopes of at least I on 1-1/2 to the surface of the ground. Wheresuch slopes 
would extend into or obstruct a natural water-course, street or private property, the Con- 
tractor shall retain the slopes by rubble masonry walls, and when ordered by the Engineer 
the sewer shall be covered to a depth of 0 in. with concrete and plastered with Portland c^ 
ment mortar. All manholes are to be protected, if necessary, by an embankment at least 
3 ft thick around the shaft to an elevation at least 3 ft above the top of the sewer, 


ART. 6.— PILING 

1 Piles to carry a platform or cradle shall be driven in all soft or marshy soil where directed 
by the Engineer or shown on the drawings They are to be driven to refusal, or as may 
be otherwise directed, with a hammer weighing at least 2000 lb , subject to the approval of 
the Engineer Refusal in general will be indicated by a penetration not exceeding 1 in.e pr 
blow under the last six blows of a 2000-lb. hammer falling 16 ft. If steam-hammer pile- 
drivers are used, the piles shall bo driven so that their bearing power shall be not less than 
that of piles driven os before specified A water jet may be used in pile driving, if authorised 
by the Engineer in writing The tops are to be sawed off truly at the required elevation. 
Where it is necessary to cut off the heads of the piles below water no extra compensation shall 
be made fur such cutting The spaces around the piles and caps up to the under side of the 
planks of the platform shall be filled with g(H>d earth thoroughly rammed or puddled, unless 
otherwise directed. Pile heads imbedded in concrete shall have the bark removed from the 
surface of contact 

2. All piles shall be straight, sound yellow pine or not less than 6 in. in diameter 

at the small ends and not less than the diameters shown in the accompanying Table of Mini- 
mum Cut-off Diameters, where cut off, or of other dimensions shown on the drawings, 
hooped and shod if required All dimensions are to be measured exclusive of the bark. 
The point of each pile shall be trimmed to a 4-ia square end at right angles to the axis of the 
pile, unless otherwise directed. 

Table or Minimum Cut-off Diameters for Piles of Different Lengths 
BELOW Cut-off 

Length, feet >20 20-25 2.6-35 30-4.5 *46 

Diameter, inches 10 11 12 13 14 

3. Piles that do not bring up satisfactorily, or are too short, or are out of line must be 
replaced by others of length and alignment satisfactory to the Engineer. Piles badly split 
in driving shall either be replaced with others or repaired with wrought iron rings or screw 
bolts, as may l>e directed. When the Engineer considers that a pile head has become so 
broomed as to be unfit for further driving, the broomed portion shall be sawed or adsed off 
before the driving is continued. The heads of ali piles must be protected against damage by 
the blows of the hammer, by wrought iron rings. Piles shall be driven without the uae 
of a follower unless specislly permitted. 

4 . Where shown on the drawings, brace, batter, or spur piles shall be driven at the inelina- 
tions shown or directed, and the tops shall be framed, bolted or strapped to adjoining piles or 
to each Q#>er, as shown on the drawings. 

0. The amount of piles to be paid for will be the total length below the cutoff of all piles 
nmainiog in the works in accordance with the drawings or directions, and the totel length 

I The cut-off diameter of piles leea titan 30 ft. shall be at least 10 in. 

* 14 in. is the maximum site required at the out-off of any pile. 
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of all pilM uaed only aa twt pilea. PUea driven for temporary um will not be paid for. Tba 
oontraot price for pilea ahall cover the coat of ail labor and materiala required to fumiah, dnvn 
and out off the came aa apeolhed. of faatening brace pUea, and of fumiahing and placing all 
ahoea, banda, bars, atrapa, bolta and other faateninga required. 

6. Concrete pilea aatiafaotory to the Engineer nmy bo required under certain portiona of 
the work, and when ordered by the Engineer in writing they ahall be placed in the poaitlona 
and in the manner directed by him. The contractor ahall furniah all labor and materiala and 
provide and uae euch machinery as may be neoeaaary to do this work to the aatiafaotion of 
the Engineer, and he will be paid for the same aa extra work, under Item 17. 


ART. 7.— FOUNDATIONS 

1. Where piles cannot be driven more than 7 ft. below the cut-off, a platform only may be 
required; or masonry foundations, without a platform, extending to a suitable bottom shall 
be substituted if directed by the Engineor. The word “platform" ahall be understood to 
include both capping and planking. 

2. All timber and planking for foundations ahall be of good quality sawed, long-leaf 

yellow pine or straight, sound, free from shakes, large, loose or decayed knots and 

other imperfections impairing its strength and durability. All siies under 0 in. shall show 
imme heart the entire length of one side and sixes of 9 in. or more shall show some heart the 
entire length of two opposite aides. Wane may bo allowed one-eight of the width of the 
piece, measured across the face of wane, and extending one-fourth of the length of the pitoe 
on one corner, or its equivalent on two or more comers, provided that not more than 10 
per cent, of the pieces of any one site show such wane. 

3. The caps shall be 8 X 8-in. timber unless otherwise directed. The planks shall 
generally be 18 ft. long and at least 8 in. wide; the joints are to be broken at least 0 ft. and 
must be on caps. Holes shall be bored for the spikes. The spikes are to be wrought iron or 
steel wharf spikes, square in section and of a length at least twice the thiokness of the timber 
through which they are to be driven. Spikes 8 to 12 in. long, inclusive, are to h« 1/2 in. 
square; 14 and 16 in. long. 5/8 in. square; 18 in. long. 3/4 in. square, 30 and 22 in. long. 
7/8 in. square; 24 in long, 1 in square. 

4. Platform laid directly on the ground shall have a smooth, firm bearing throughout 


ART. 8.— CEMENT 

1. All cement shall be dry Portland cement fr«*e from lumps; it shall be the finely pul- 
venied product resulting from calcination to incipient fusion of an intimate mixture at 
properly proportioned argillaceous and calcareous materials to which no addition greater 
than 3 per cent, has been made subsequent to calcination. 

2. It shall be delivered in strong cloth or canvas bags containing 94 lb. net or in aound, 
paper-lined barrels eontalning 376 lb. net. Each package shall be clearly marked with the 
brand and manufacturer's name. 

3. The Contractor shall submit the cement and afford every facility for itispeotioa 
and testing, at least 12 days before desiring to use it, and the Engineer shall be noUAsd 
at once of the receipt of each shipment at the work. 

4. The oement shall be protecU‘d in a suitable building having a wooden floor raised above 
the ground or be placed on a wooden platform and properly protected with eanvae. Each 
ehipment shall be stored separately and each lot marked with an Indentification number and 
the date of receipt. 

5. The failure of a shipment of oement on any work to meet the requiremeoto of the 
speeifieations ekaU juetify the prohibiUon of further uee of the eame brand on that work. 
Cement may be incpected either at the place of manufacture or on the work. Cement 
failing to meet the 7-day requiremente may be held awaiting the reeulta of the ISnlay 
teete before rejection. All testa shall be made in accordance with the metboda reoom* 
mended by the Committee on Uniform Tests of Cement of the Amerioan Society of QvU 
Engineera, presented to that society on January 21. 1903, with all eubsequent amendments. 
The aeo^tanoe or rejection of the oement shall be based on the following requiremente: 
(These ere the technical requirements in the standard speeifioatione for Fortlaad eameiit 
adopted by the American Society for Tceting Materiala on Aug. 16, 1900.] 
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6, The specific gravity of c«;mcnt shall not b<* lc8« than .1.10. Should the test of cement 
as received fall below this requireinmt, a second test may be made upon a sample ignited at a 
low red heat. The loss m weight of the ignited cement shall not exceed 4 per cent. 

7, It shall leave by weight a residue of not more than 8 per cent, on the No. 100, and not 
more than 25 per cent on the No 2fX) sieve 

8. It shall not develop initial set in less than 30 minutes; and must develop hard set in 
not less than I hour nor more than 10 hours 

9. The minimum requirements for tensile strength for briquettes 1 sq in. in cross-section 


shall be as follows, and the cement shall show no retrogression in strength within the periods 
specified: 

AVaf Crment 

Ago Strength 

24 hours in moist air . , 175 lb. 

7 days (1 day in moist air, 0 days in water) 600 lb. 

28 days (1 day in moist air, 27 days in water) 000 lb. 

0«r f'firt Ctmeut, Three Pnrtit Standard Ottawa Sand 

7 days O day in moist lur, (i days in water) 200 lb. 

28 days (1 day in moist air, 27 days in water) . . . 275 lb. 


10. Pats of neat cement about li in in diameter, 1/2 in thick at the center and tapering to a 
thin edge, shall be kept in moist air for a period of 24 hours, (a) A pat is then kept in air 
at normal temp«Tature and observed at intervals for at least 28 days (b) Another pat is 
kept in wati'r maintained as near 70° F iw practicable, and observed at intervals for at least 
28 days (c) A third pat is exposed in any convenient way in an atmosphere of steam, above 
boiling water, in a loosidy closed vessel for 5 hours 

11. These pats, to pass the requiremeiitJi satisfactorily, shall remain firm and hard, and 
show no signs of distortion, checking, cracking, or disintegrating 

12 The cement shall not contain more than 1 75 per cent of anhydrous sulphuric acid 
(SOj), nor more than 4 per cent of magnesia (MgO). 


ART. q.-SAND, gravel AND BROKEN STONE 

1. The sand shall be clean and sharp, free from dirt, loam, mica and organic matter, and 
shall contain not more than 8 per cent by volume of clay, and no clay shall bo artificially 
added. On the 7-day test the sand shall be of such a quality that the tensile strength of tho 
briquettes made in the laboratory, of 1 part of cement and 3 parts of sand, shall not be leas 
than 05 per cent, of the strength of similar briquettes made of the same material and 
Ottawa sand. 

2. Gravel shall bo composed of clean, hard stone, free from dirt, loam, mica, clay and 
organic matter, and unless otherwise ordered in writing by the Engineer, shall be separated 
by screening into the sues sra'cifiiHl for broken stone in Clause 3 of this Article 

3. Broken stone fur concreti* shall hard, sound and durable, and shall not contain loam, 
clay, organic matter or objectionoble quantities of dust or other matcnals considered unde- 
sirable by the Engineer The broken stone shall be separated into three grades by means of a 
screen writh circular openings 1, 1-1 '2, and 2 in. in diameter and a screen with optmings 1/4 in. 
in diameter, which last-mentioned diameter is that of the smalleat pieces of stone which will 
be accepted. 

4 . If permitted in writing by the Engineer, gravel and broken stone may be mixed 
The purpose of grading the gravel and broken stone into three sues is to enable a 
mixture to be produced from them which, in the opinion of the Engineer, will make the most 
suitable concrete. The material shall be washed, if ordered by the Engineer, and the Con- 
tractor shall maintain an acceptable plant with adequate storage faciliues for the different 
grodea of gravel, broken stone, or both, so that they may be combined readily in the pro- 
portions designated by the Engineer. 

6. Sanies of sand, gravel and broken stone which the Contractor proposes to use shall bi 
submitted to the Engineer, if so required by him, for examination at least two weeks before 
the Contractor commences to driver the materials at the site of the works. Materials shall 
not be delivered until the samples oboU have been approved, and os delivered they shoE 
in alt respects be equal to theopproved samples. Samples of sand, of about 1 quart, shall 
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bo submitted in glass jars with stoppers and samples of not lew than 1 cu. ft. of gravel or 
of broken stone in suitable boxes or other receptacles. All samples shall be plainly labeled 
with the name of the place from which they were taken, where it is proposed to use them, 
and the name of the collector and date of colleeUon. 

6. In these specifications the word "Ballast" signifies the mixture of graded sisew ol 
gravel, broken stone or both which is designated for use by the Engineer. 


ART. 10.— MORTAR 

1. All mortar, unless otherwise specified, shall be composed of 1 volume of cement and 2 
volumes of sand Mortar used in the haunch walls of brick wwers shall lx* composed of 1 
volume of cement and .3 volumes t»f sand. For puriMXM's of measurement a barrel of cement 
shall be considered to contain 3 8 cu ft and a bag of cement 0 5),'» eu. ft 

2. The water used in preparing mortar shall lie elean and fre<‘ from sewage Salt water 
shall 1 h* used as directed by the Engineer when it is ueo»*ssary to const ruet masonry in f reel- 
ing weather 

3. The ingredients shall first Ik? thoroughly mixed dry in a suitablt? tight box, afu>r which 
the propi'r quantity of clean water shall be gradually ailded and then the mat<>rialM shall Imi 
hoed or worked until a uniform mixture is seciireil No greater quantity of mortar is to bo 
prepared than i.s requireil for immediaU' use and it shall be workeil over constantly with hoe 
or shovel until uw'd, anv that has 8<‘t shall not lie retempert*d or used in any way, and no 
mortar shall be used more than 1 1/2 hours uft-er mixing. 

A Mortar taken from the mixing troughs and molded into briquettes 1 in, square in 
cross-sectuin shall have an ultimate tensile strength of I2.‘> lb |>er square inch after one day 
in the air and six days m wat4?r. and 17.'> lb after one day in air and 27 days in water. 


ART. II.— BILLET-STEEL CONCRETE REINFORCEMENT BARS 

[.\dopted by the Arneri<?an .Hociety for Testing Materials on August 2.’», 1013, and 
reprinted by permis,sion Slight modifications have bwn made to fit the roquiremenU 
to the conditions existing on sewerage contracts) 

1 («) These spe-eificatious cover three classes of billet^stiKd concrete reinforcement bars, 
namely, plain, dclorioed and cold-twi8t«*d, and the classics to bo furnishiMl under this con- 
tract are those wIkisc prices are stipulated in lUun .... (fi) Plain and deformed bars 
are of two grades, namely, structural steel and hard 

2 (a) The hard grade will lie used only when specified (A) If desired cold-twisted bars 
may be purchased on the basis of tests of hot-rolhwi bars before twisting, in wideli ease such 
tests shall govern and shall conform to the requirements sp<-cified for plain bars of structural 
steel grade. 

3. (o) The steel may be ma<ie by the Bessemer or the ofK'n-hearth process: (6) The 
bars shall be rolled from new billets; no rerolled material will be aoeepted 

4 . Cold-twistcd bars shall be twisted cold with one compleUi twist in a length not over 12 
times the thickness of the bar 

6. The steel shall conform to the following requirements os to chrtnieal composition: 

PhMphor... f'l'”™'''' , noto,«0)np«Mnt. 

1^ Open-hearth . . not over 0.05 per tent. 

6. An analysis to determine the percentage of carbon, manganese, phosphorous and sub 
phur shall be made by the manufacturer from a test ingot taken during the pouring of each 
melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Clause 5 of this Article 

7. Analyses may be made by the purchaser from finished bars representing each melt of 
open-hearth sU?eI, and each melt or lot of 10 tons of Bemrrwur steel, in which case an excess 
of 25 per oent. above the requirements specified in Clause 5 shall be allowed. 

8. (a) The bars shall oonform to the requiremenu stated in the aooompanjdng Table of 
Tensile ‘Propertiee; 
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Table of Tensile Properties Required in Bars 



Plain bars 

Deformed bars 


Properties 

oonaiderod 

Structural 

steel 

grade 

Hard 

grade 

Structural 
steel grade 

Hard 

grade 

twisted 

bars 

Tensile strength, lb 

per sq. in 

Yield point, mm ,1b 
per sq. in . 
Elongation in 8 in , 
min., per cent 

65.000 

70.000 

33.000 

Tens Htr. 

HO.tKK) 

Minimum 

I .50,000 

1 1,200,000' 

1 TeiiH. str 

1 i 

65,000- 

70.000 

33.000 

1,2.50,000' 

Tens str. 

80,000 

Minimum 

50,000 

1.000.000' 
Tens. str. j 

Recorded 

only 

66,000 

5 


‘ See Clause 9. 

{h) The yjelfi point nlmll determined by the drop of the beam of the testing machine. 


9. (o) For plain and deformed bars over 3/4 in in thickness or diameter, a deduction of 1 
from the peroentagcM of donKution sfieoified in Clause 8 (a), shall be made for each increase of 
1/8 in in thickness or diameter above 3/4 in. (/i) For plain and deformed bars under 7/16 in. 
in ihicknims or diameter a deduction of 1 from the percentages of elongation specified in Sec- 
tion 8 (a), shall bi' made for each decrease of 1/16 in in thickness or diameter below 7/16 in. 

10. The test specimon shall bend cold around a pin without cracking on the ouUide of the 
bent portion, as stated in the accompanying Table of Bend Tost Koquirements. 


Table (>:*• Bend Test Requirements 



Plain bars 

Deformed bars 


Thickness or diam- 
eter of bar 

Ktructural 
steel grade 

Hard grade 

Struetural 
stud grade 

High grade 

Cold-twisted 

bars 

Under J in 

180 deg. 

180 deg 

180 deg. 

180 deg. 

180 dog. 

! 

d - t 

d « 3t 

d - t 

d - 4f 

d - 2t 

I in or over 

180 deg. 

90 deg. 

90 deg 

90 deg 

180 deg. 


1 d « / 

d - M 

d - 2f 

d - 4/ 

d - lit 


Kx|>lanatory Note. </»the diameter of pm about which the specimen is bent. 
t -> the thickness or diameter of the specimen. 


11. (a) Tension and bend test specimens for plain and deformed bars shall be taken from 
the finuhed bars, and shall be of the full thickness or diameter of material as rolled, except 
that the specimens for deformed bars may be machined for a length of at least 9 in., if deemed 
neeMsary by the manufacturer to obtain uniform crose-seotion. (b) Tension and bend test 
■peoimeas for cold-twisted bars shall be taken from the finished bars, without further treat- 
ment, except as specified in Clause 2 (b) of this Article. 

12. (o) One tension and one bend test shall be made from each melt of open-hearth 
•teel and from each melt or lot of 10 tons of Bessemer steel; except that if material from one 
melt differs 3/8 in, or more in thickness or diameter one tension and one bend test shall be 
made for both the thickest and the thinnest material rolled, (b) If any test specimen shows 
defective machining or develops fiaws, or if a tension test specimen breaks outside the middle 
third of the gage length, it may be discarded and another specimen substituted. 

18. The weight of any lot of bars shall not vary more than 5 per cent, from the theoretical 
srelght of that lot. 

14. A finished bar shall be free from injurious defects and shall have a workmanlike 
finish. ^ 

18. The Inspeetor representing the Purchaser shall have free entry, at all times while 
work on the eontraot of the Purchaser is being performed, to all parts of the Manufacturer’s 
works srhMl eoMem the manufaeiore vS the bars ordered. The Manufacturer shall afford 
the IniqpeetariltM of cost, all reaSMiable facUiUes to satisfy him that the ban are being fur- 
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nished in aocordanoe with the epeoifiontiona. All teats (except the obeck analyses) and in- 
spections shall be made at the place of manufacture prior to shipment, unless otherwise 
specified, and shall be so conducted as not to interfere unnecessarily with the operation 
of the works. 

16. (a) Unless otherwise specified, any rejection based on tests made in accordance with 
Clause 7 of this Article shall be reported within five working days from the receipt of sample. 
(6) Bars which show injurious defects subsequent to their aooeptanee at the Manufacturer's 
works will be rejected, and the Manufacturer shall bo notified. 

17. Samples tested in accordance with Clause 7 of this Article, which represent rejected 
bars, shall be preserved for two weeks from the date of the test report In case of dissatis- 
faction with the results of the tests, the Manufacturer may make claim for a rehearing 
within that time. 

ART. 12 .— RAIL-STEEL CONCRETE REINFORCEMENT BARS 

[Adopted by the American Society for Testing Materials on August 25, 1013, and 
reprinted by permission. Slight modifications have been made to fit the riHiiiiniments to the 
conditions existing on sewerage contracts.] 

1. These specificBtious cover three classes of roil-steel concrete reinforcement bars, 
namely, plain, deformed, and hot-twisted, and the classes to be furnished under this con- 
tract are those whose prices are stipulated in Item . . .. 

2 The bars shall be rolled from standard-section Te<‘ rails. 

3 Hot-twisted bars shall have one complete twist in a length not over 12 times the thick- 
ness of the bar. 

4 (rt) The bars shall conform to the accompanying Table of Minimum Hequirinl Tensile 
Properties. 


Table of Minimum Uequihed Tenhile Properties 


Properties contidered 

j Plain bars j 

Deformed and hot- 
twistiKl bars 

Tensile strength, lb per sq in 

' 80, (KK) I 

80,000 

Yield point, lb per sq in 

60.000 1 

50.0(X) 

Elongation in 8 in , per cent 

1 I.2(M),IXK)' j 

1.0(X),000‘ 


j Tens Btr. 

Tens. str. 


I See Clause 6. 

(6) The yield point shall be determined by the drop of the beam of the tosUng machine. 

5. (a) For bars over 3/4 in in thickness or diameter, a dwluction of 1 from the percentages 
of elongation specified in Clause 4 (a) shall be made for each increase of 1/8 in. in thickness or 
diameter above 3/4 in (b) For bars under 7/16 in in thickness or diameter, a deduction of I 
from the percentages of elongation specified in Clause 4 (a) shall be made for each decrease of 
1/16 in in thickness or diameter below 7/16 in 

0 The test specimen shall bend cold around a pin without cracking on the outside of ths 
bent portion, as stated in the accompanying Table of Bend Test Requirements; 


Table of Bend Teht Requireiients for Railhsteel Bars 


Thickness or diameter of bar 

Plain bars 

Deformed and bot- 
twisted bars 


180 deg. 

180 deg. 

Under J in 

d -> 3/ 

d - 4t 


90 deg. 

90 deg. 

J in. or over 

d - 3r 

d - 4t 


Explanatory Note: d the diameter of pin about which the speeimeo is bent. 
i «■ the thiokoees or diameter of the specimen. 
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7. (a) Tetudosi and bend test spentncns for plain and deformed bars aball be taken from 
the Snisbed ban, and shall be the full thickness or diameter of bars as rolled; except that the 
apeoimeos for deformed bars may he machined for a lotiKth of at least 9 in., if deemed neces- 
sary by the Manufaeturer to obtain uniform cross-sertion. (i>) Tension and bend test 
specimens for hot-twistcd bars shall be taken from the finished bars, without fuither treat- 
ment. 

8. (a) One tension and one bend test shall be made from each lot of 10 tons or less of each 
■iie of bar rolled from rails varying not more than 10 lb fier yard in nominal weight (h) 
If any test specimen shows defective machining or develops flaws, or if a tension test speci- 
men breaks outside the middle third of the gage length, it may be discarded and another 
specimen substituted 

9. The weight of any lot of bars shall not vary more than 5 per cent from the theoretical 
weight of that lot 

10. The finished bars shall be free from injurious defects and shall have a workmanlike 
finish. 

11. The inspector representing the Purchaser shall have free entry, at all times while the 
work of the contract with the Purchaser is being performed, to all parts of the Manufactur- 
er's works which roneern the ninmifaeture of the bars ordered The Manufacturer shall 
afford the Inspector, free of cost, all reasonahle facilities to satisfy him that the bars are being 
furnished in aeeordanee with these siK'cifications All tests and inspections shall be made at 
the place of manufacture prior to shipment, unless otherwise specified, and shall be so con- 
ducted tts not to interfere unnecessarily with the operation of the works 

12 Bars which show injurious defects subsequent to their acceptance at the Manufac- 
turer's works will be rejected, and the Manufacturer shall be notified. 


ART. 13.— IRON CASTINGS 

1. All casting? required in t lie execution of this contract shall bo made by the cupola pro- 
cess, unless furnace iron is specified. 

2. The castings shall be known as "light"whon they have any section less than 1/2 in. 
thick, “heavy" when no section is lens than 2 m thick, ond "medium" when they are in 
neither the light nor heavy eloss 

3. The metal of the eastings shaf meet the requirements of the accompanying Table of 
Required Qualities of Gray-iron Castings 


Table ok Hequiked Qualities of Guay-iron Castings 


Quality or property 

Light 

eastings 

Medium 

castings 

Heavy 

costings 

Maximum sulpliur content, per cent 

Minimum breaking strength of Arbitration Bar' under 

0 08 

0 10 

0 12 

transverse load, lb 

2,500 

2.900 

3,300 

Minimum deflection of Arbitration Bar, in 

0 10 

0 10 

0 10 

Minimum tensile strength, lb per sq in ' 

18,000 

21,000 

24,000 


■ The Arbitration Bar is 1-1/4 in. in diameter and 15 in. long, and is placed on supports 12 
in. apart and luadtwl in the middle at a rate which will produce a deflection of 0,10 in. in 20 
to 40 aeconds. Two sets of two bars each are cast from each 20 tons of a heat. 

4. Castings shall be true to pattern, free from cracks, flaws and excessive shrinkage. 
They shall have their faces machined to true surfaces wherever required on the drawongs. 

Th«y shall be thoroughly cleaned and then painted with or 

approved substitute. 

^ ART. i4.-~BRICK MASONRY 

1 . None but whole, sound, thoroughly burned, straight, hard brick, uniform in structure 
with true, even facee, shall be used. All bnck shall meet such requirements as to specific 
gravity, idMorption, abraoion and crushing strength as the Engineer shall deem necessary. 
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iThw sentence u based on the Philadelphia general speriScations and should bo adopted 
only where the quality of acceptable brick is known to contractors through eaperienoo in tbo 
city under the same eugimjcr; otherwise it is better to sUte in the specificaUous Just what 
properties the brick must possess ] Hard-buriie<t brick, less perfect than those required for 
the sewer, and half brick, all satisfactory to the Kngineer. may be u*e<l in the manholes All 
brick shall be sorted, when delivered upon the ground, by men furnisheti to the Inspector by 
and at the expense of the Contractor, and all brick condemned shall lie imiiuHliately removed 
from the work. 

2. V itnhod shale brick shall bo tough, homogeneous, of a compact structure, and burned 
uniformly throughout They shall be fn*e from laminations, fire cracks or checking of 
more than a sujw'rficial character, fnn* from lime or other soluble matter, and shall show no 
signs of spalling or pitting after thrt>e days’ immersion in water 

3. The Contractor shall furnish to the Kngint'iT at least six samples of the brick which hs 
wishes to use in the work, at least one month before ilelivery of maUTiai on the ground 
Thesti samples shall be subjected to such tests as the li;ngin»*«T shall designate under C'lauM 
1 of this Article 

4 All brick sliall be thoroughly wetted immediately before lietng lahl, either hy immer* 
Sion or in suoli other manner as is acceptable to the lOngineer Old brickwork shall 1 m» 
cleaned and wetted before la.\ mg new work on it 

5. Every brick is required to be laid in a full and close joint of Portland cemont mortar 
eoinposeil of 1 part cement and 2 parts sand, on its lieil, end and siile at one op<>ration Th« 
joints on the inside face of work shall not exctsMl 1 /4 in in thickness and in no rase shall mortar 
be slushed in afterward Cure shall Ik* taken to have every joint full of mortar Upon 
removal of the centers, if anv open joints are found they shall he pointed SpiH'ial cant 
shall be taken to iimkt' the face of the brickwork smooth, and all joints on the interior surfaca 
of the invert of the sower shall Ih‘ carcfullv struck with the point of the trowel, or to 

the entire satisfaction of the Engineer The work in ail ntws shall Ut well and thoroughly 
bonded, and if the manner is specified or shown on the drawings it shall Im done in close 
adherence to them. Hnekwork as it progivsses may be toothed, but when ordered it shall 
be racked back in courses. 

() All inverts or bottom curves shall be worked from templets, accurately made according 
to the dimensions of the sewer, and correctly wt according to lines and grades furnished. 
When 8p<*cified upon the drawings or schedules, the invert of si'wers shall of granite or 
trap rock blocks, as specihisl under Slone Masonry, Article 15, Clause I), or of 
vitriBed shale brick it'* H[s'ci(ied iii C'lause 2 of this Article, to the height shown upon the 
drawings 

7. The extradoM of the arch shall Ik* neatly plosteosl, at least 1/2 in thick, witfi mortar 
of the ■taine quality as that used in the brickwork 

8. The centers upon which the arches ore formed shall lie made strong, and according to 
the 8i*e.s and Mhnjx*s requirisl, arches on nirvisi shall 1 m> eonstructtHl on ct liters of proper 
curvature No center shall he removed until the work uinm it has iM*t anil the refilling 
has progressisl up to the crown of the arch, if so orilered All centers shall be struck and 
drawn with care, so us nut to crai'k and injure the work 

9. All fresh work shall be protected from injury Newly laid inverts shall be protected 
from wash by canvas covering or tar pa[x*r. and should the regular continuity of the arch or 
invert be destroyeii at any time, either from irregular M'ttlement or from the centers being 
improperly fixi*d. or from any oth* r cause, the Contraetor shall remove such portions and 
correct the irregularity in a salistiictory manner AH new work, unless immediately covered 
with earth, shall b<' kept moist until the mortar has bec.<imo hard and will not crack in the sun. 

10. The quantity of bnck masonry to 1 k‘ paid for in Item ... shall be determined by 
measurement or by estimate of the number of cubic yards actually built, as requiftid by the 
drawings and directions furnished from time to time by the Engineer. Tim price agreed 
upon shall include the furnisiiing of brick, exunent, sand, templets and centers, and all work, 
including the setting of inlets, necessary fur the budding of brick masonry. 


ART. 15.— STONE MASONRY 


1 . All ‘stones ghall be of good quality, bard, clean, of gcHKl bed and build, and not ]••• 
than 6 in. thick, unless for inmmmg or closing. Each stone shall have a firm and AoUd 
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b«ariog« and be laid on its broadest bed, in full l)«d of fresh 1 : 2 Portland cement mortar, with 
which all Joints shall be thoroughly filled. 

2. Stone masonry shall bo laid true and by line, and built of the exact dimensions and 
eharacter shown on the drawings It shall be well and thoroughly bonded, and the courses 
shall be roughly leveled up. When the laying of rubble masonry in mortar is interrupted, 
the tops of the courses shall be left unplastered. No dressing or tooling shall be done on or 
upon any stone after it is in place. No rubble masonry laid in mortar shall be constructed in 
f reeling weather. 

3. When the faces of rubble masonry laid in mortar will be exposed to view in the finished 
work, the joints in such fac(« shall be raked out to a depth of not less than 1 in. and neatly 
pointed with mortar The tops of walls where other finish is not required shall be plastered 
and floated to a smooth finish. 

4. No masonry shall be built on concrete before it is thoroughly set. 

5. Before building upon old inuNonry, its surface shall be cleaned of old mortar and dirt 
and thoroughly wetted; stones removed from the old work and allowed to bo userl shall be 
similarly treated 

6. The face stones shall be well scabblod and closely set Unless otherwise directed they 
shall be two-man stonos, they shall be bonded so that there are about twice as many stretch- 
ers as headers When rubble masonry is built as cradling and foundations for brick arches, it 
shall consist of oiu*- and two-man stones unless a larger sise is called for on the drawings. 

7. In dry walls without mortar, one- and tw(>-man stones shall be generally used Each 
shall be laid by hand, settled with hammer, and have a fair and even bearing; all joints 
and crevices shall be thorougly pinned and wedged, and the courses well bonded. Riprap 
shall be laid by hand, or if a great quantity is furnished it shall be dumped in place, as 
directed 

8. Coping stones shall Ik* sound stones of approved kind and quality, as indicated on the 
drawings. The shaiies and dimensions given shall be truly adhered to, and they shall be 
dressed and hammered in a manner and after the pattern required by the drawings, with a 
■iiiootli top surface and a close joint They shall be well and truly laid to line and grade 

9. Whore stone block invert is required it shall consist of granite or trap rock blocks, with 
true square heads and sides not wnrpisd, <l to 7 m deep, 10 to 14 m long, 3-1/2 to 5 in wide 
They shall be sorted at the quarries and delivered in uniform sisos. They shall bo truly 
rectangular and free from irregularities exceeding 1/4 in Blocks of equal width shall be 
laid in a continuous course. Worn paving blocks shall not be used. 

ART. i6.— CONCRETE, PLAIN AND REINFORCED 

1. Unless otherwise specified on the drawings or directed by the Engineer the concrete 
■hall be composed of one volume of cement and seven volumes of such mixture of sand and 
ballast as shall b<* r**qutred by the Engineer. If the sand and ballast are stored m piles at 
any time, they shall lx* placed on a platform or other hard, clean surface, to avoid any admix- 
ture of dirt with them 

2. Cement, sand and ballast, shall be measured (not estimated) in the given proportions, 
and mixini in a prupi'r box, or on a floor, and in no case on the ground. Mixing of materials 
■hall be done thoroughly by machine wherever practicable, and always in batches When 
mixed by hand, the cement and sand shall be first thoroughly mixed dry until the color of 
the material is uniform in tint, and then made into a soft mortar by gradually adding clean 
water and hoeing or otherwise working until a uniform homogeneous mixture is obtained. 
The stone shall be spread upon a suitable floor to a depth of about 6 in. and thoroughly 
wetted, and the mortar spread evenly over it. The whole mass shall then be turned with 
■quare-end shovels until it shall .become mixed to the satisfaction of the Engineer. The 
concrete shall be kept m motion until deposited in place; should any be permitted to set 
before it is placed and tamped, it shall be removed and not used again Hand-mixed 
batches shall not be larger than 1 ou. yd. in volume. The concrete shall not be mixed in 
larger quantity than is required for immediate use. 

3. WMin sewers are built of concrete or reinforced concrete, the longitudinal Bectiona of 
the aide walla ahall be constructed without interruption from bottom to top, and each longi- 
tudinal aeotion of the roof or aroh ahall be eonstructed its full thickness without interruption, 
so aa to form a monolith in each case, the length of each aeciion to be aueb aa to permit 
eompistiiig It within the working houra of a day. 
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4. The eonorete shall be deposited in layers of the thickness required, and thaU be thw^ 
oughly compacted by working it with a straight shovel or slicing tool, kept moving up and 
down until all the ingredients have settled into their place by gravity and the surplus 
water has been forced to the surface. The concrete shall be thoroughly worked about 
pipes, reinforcing bars and other metal work, so as to obtain a complete bond everywhere 
on the surfaces of contact between the metal and concrete, Caro shall be taken to keep 
the forms moist and to work the materials well with shovels or other tools in the spaces 
between the forms, so as to obtain smooth surfaces. When a fresh layer of concrete is to be 
put on one which has set or partly set, the surface shall be roughened, thoroughly cleansed 
of foreign material and laitance, using a stiff wire brush and a stream of water, if required, 
and shall then be slushed with a mortar consisting of 1 part Portland cement and 2 parts of 
sand When the placing of concrete is suspended, all necessary grooves for joining future 
work shall be made before the concrete has had time to set. Expansion joints of the type 
indicated on the drawings or as directed shall be constructed wherever ordered by the Engtn- 
eer , and only at such places as the EnginiM^r may approve. 

6. No concrete shall bo laid in water, nor shall water l>e permitted to rise on it within 34 
hours after it is placed, nor shall water be allowed to run over completed masonry before 4 
days. No wheeling, walking or working on hmsheii surfaces will l)c allowed for 34 hours 
after they are completed. Immediately after the face forms are removed, which shall be 
before the concrete has completely hardened, if prncticabto, the surface shall be freed from 
inequalities and projections, All voids shall be filled by floating with cement mortar, and 
the entire surface shall be brushed or broomed w'ltb a thin wash composed of equal parts of 
cement and fine sand. Unsatisfactory concrete shall be taken down and replaced, if directed 
by the Engineer. 

6. Except during the colder months, the Contractor shall keep all concrete masonry wet 
by sprinkling with water or covering with wet cloths, until it shall have become thoroughly 
set and hard enough to prevent its drying and cracking. Sufficient tarpaulin or other cover- 
ing shall be provided to prob'd fresh work from the action of the elements. 

7. The Contractor shall furnish on the site of the work a sufficient number of centers, 
forms, molds, or templates for its extHHlitious prosecution. The forms shall be made in such 
a way and of such material os will insure a true and very smooth surface on the finishcKl con- 
crete. The design of the forms shall lie submit U hI to the Engineer for approval before work 
on them is commenced The Engineer shall, at all reasonable times, have aceees to the shop 
or other place where the centers and forms are biung made, ami shall be furnished with every 
facility for inspecting them, and niaU'nals, centers ami forms rejected by him shall not be 
used on the work The inspection of forms by the Kngtni'cr during or after the process of 
oonstructiuu, or any suggestion or assislance furnished by the Engineer, shall not be con- 
strued as relieving the Contractor of the entire or any part of the responsibility for the accu- 
racy or sufficiency of any of the forms or for the satisfactory completion of the masonry to 
any extent dependent thereon 

8. The centers and forms of all surfaces shall be carefully cleam*d and prepared or covered 
in a satisfactory manner, so that they may be readily removed and leave the concrete with a 
smooth presentable surface All renters and forms shall be substantially water-tight and of 
sufficient stri'ngth and so well placed that they will maintain their proper place and position 
during the placing and ramming of the concrete No center or form shall Iw used which is 
not clean, of approved shape and strength, and in every way suitable. Deformed, broken or 
defective centers or forms shall be removed from the work. Care shall be taken to prevent 
shavings, sawdust and other wasb's from the making of wooden forms and centers from be- 
coming imbeddeil in the masonry. 

9. Forms and centers shall lie left in place until the concrete has s<*t sufficiently to permit 
their removal without danger to the structure, and until so much of the backfilling or em- 
bankment os may be direrte<l has been put m place. Unless otherwise ordered, no oenter 
shall be struck until the backfilluig over it has been completed to the elevation of a horisont#! 
plane 3 ft. above the top of the completed masonry. In no case shall forma oentera ba 
atruok or removed until permiasion to do so has been given b> the Engtnoer. 

10. Rubble concrete shall consist of concrete of the projKirtions stated in Clause 1 of th is 
article, with large stones imbedded therein. The imbedded stones shall be hard, sound and 
firm, roughly cubical in shape if practicable, and of such sisea as may be deemed suitable for 
the mase in witicb they are to be used. They shall be laid on their largest aldea and be so 
(datwd in the work that they will not be nearer than 0 in. to the bottom of a fooUnf , to aa 
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expansion joint, or to any Burfaco or to oaoh otlior Tlu* BtoncB, after having been thoroughly 
cleaned and wetted, ahalt be firmly bedded in tlie concrete The joints shall then be filled 
and the stones covered with concrete to hucIi a depth that the spacings Bpecifiod will be 
obtained The stones shall not be placed directly on any concrete which has acquired its 
initial set 

11. Where a granolithic mixture ih to be used it .shall bo composed of one part cement, one 
part sand or gravel, and Ij parts granobtliic grit, by volume, and the necessary amount of 
wab'r to make a thick mortar Thi.s shall be deposited by skilled w'orkmen in a manner 
satisfactory to th<‘ Knginecr, as the work progress's WlnTi' granolithic finish is sjM'Cified 
on horizontal Hurfaces of sewers, the mixture shall be deposited on top of the concrete to a 
thickness of at least 1 J in , imnu'diutelv after the hitler has been rammed and before it has 
set, HO as lobe incorporated into and form part of the main mass of t he concrete The 
upper surface shall be brought to the required shape, dimeriHioriM and grades shown on the 
drawings, by means of screeds, and Hoatcil and troweled to a smooth surface, free from all 
BtoncH A drier mix in the proportions of 1 part sand and 2 parts cement, by volume, shall 
then be sprinkled in a <lrv state over the surface, and be flouted and troweled I'his trf*at- 
ment Hhall be repeated thiee times On all other exposed surfaces of sewers, the mixture 
shall be depoBiled against the face forrn.s, with a thickness of at least 1 in., as the placing 
of the concrete proceeds, ami thus be built Mito and form part of the body of the concrete 

12. Steel bars for reinforcing comrete shall be of such shape as to afford an approved 
mechanical bond with the comrete, and to insure intimate contact between the steel and 
concrete IMain bars iiiaj be used only as shown on the plans Ucmforcernent bars will bo 
rejecti'd if the actual weight varn s mor<' than .'i per cent from the theoretical weight as shown 
by the manufacturer’s tables All bars must conform to the requirements given in Article 
11 They shall be protected at all times bcfori' being placctl m the concrete from incchan- 
icttl injury and from the weather, ami when jdaced in the work they shall bi' free from dirt, 
Bcalc, loose or sculv rust, paint and oil liars w'hich arc to be imbedded in concrete but which 
remain exposed for some time after being placed in the work, shall, if directed, be immediately 
coated with a thin grout of equal parts of cement and sand 

13 Bars shall be bent to the shape shown on the drawings, and in conformitv with 
approved templets hen bars an* rut and bent on the work, the ('ontractor shall employ 
conqs'lcnt men and jirovide the necessary appliances for the purpose 

14. All bars shall be as long as can be conveniently used, accuruK'iv Ix'iit, placed, spaced 
and jointed as shown on the drawings or directed, and .shall be securciv held in their position 
by approved devices until the concrete lias been jilared around them ^ here more than one 
bar is necessary to complete a required length, they shall be fastenecl together bv ap- 
proved clamps which will develop the full strength of the bars, or by linking the ends of the 
bars around each other in such a manner as to produce ami maintain tension on the joints 
during const met ion, or b.v lapping the ends of the bars, as directed, and wiring them to- 
gether in an approved manner, or the ends of the bars Bhall bt' lapped for a diBtancc of lit) 
timcB their nominal diameter, for deformed bars, and 50 times their nominal diametera, for 
plain bars, anil with n Hpuee not lisis than 2 in between them Joints in longitudinal bare 
•hall he staggered as directed 

16. The price hid in Itim , for steel reinforcing bars shall include the eost of all labor 
and material where rcquinsl to furnish, clean, cut, bend, place, join, secure and protect the 
•anie, and to furnish all test pieces and samples The weight of steel reinforcement bars 
paid for as such will be the weight computed from the lengths and theoretical act sections of 
the steel reinforcement bars placed in the work in accordance with the drawings or direc- 
tions, except such steel rcinforccincnt bars shown on the drawings as part of structures for 
which there are contract prices. 

16. The quantity of concrete masonry to be paid for under the various items roveriug 
•ueh work shall Iw that tieposited in place in accordance with the requirements of the draw- 
ings and of the Kngineer The prici's stateii in Item . . . include the cost of all centers and 
forms, and placing and removing them: of furnishing all materials; of mixing, placing and 
finishiD||g|the concrete, and all expenses incidental thereto. 

ART. 17.— VITRIFIED PIPE AND SPECIALS 

1 . AH pipe and specials shall Ik‘ first quality, aait-gla»ed vitrified clay or stoneware, of the 
dinianaioua stated in the accompanying Table ot Mimtiiuin Dimensions in Inches of Vitnfied 
Pipe. 
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Table of Minimum Dimensions in Inches op Vitrified Pipe 
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2. The Enginrrr shall flcsignah* wh«»rn stsfulanl, douhlf'-strc'ngth or d**(*p-ttn<l-wjde- 
aockct pipe shall lx* u«<‘(l In general, standard pipe shall be uw'd (or underdraiiu, duublft* 
strength for the larger sues of sewers; and deep-and-wide-soeket pifxi for sowers which carry 
only sanitary or house sewage 

3 The pipe shall be inauufartured at a temporaturn produeing a tough vitreous material 
without craeks, warps, (iro eraeks, blisters or other imperfeetions which, in the judgment 
of the Engineer, render them unsuited for use. They shall bo fully and smoothly salt- 
glazod over the entire tuner and out«*r surfaces, except that the insidi* of tho bell and the 
outside of the spigot niav lie unglaxed for two-thirds the depth of tho bell On all other 
portions of tho pipe the glaxing shall eoniplet<-ly cover and form an integral part of the pip« 
body. If left glased, the inside of thi* bell and the outside of the spigot shall l>e scored in 
three parallel lines extending completely around the circuinferi nee. When broken, vitriSed 
pipe shall show d<*nH<' aiul solid niaierial, without detnnientid laininations; it shall Im* of such 
quality that it ran bo cut with a chisel and hammer, and shall have a metallic ring when 
struck with a hammer. 

4. Any diameter of the pifie shall not vary more than 3 per cent above or below the stand- 
ard diameter, and the excess of the longest diurneUT over the shorp st in the same pipe shall 
not be more than 3 p«T cent. No pqMJ shall deviate* more than 1/4 in. from a straight iins in 
Its length, and the ends of the barret shall Ik> at right angles to its axis. 

5. All pipe will be insp<*ct<*d upon delivery, and such as do not conform to the require- 
ments of this contract will be rejected and shall be imnuHliaUdy removed by the Contractor, 
who shall furnish all labor necessary to assist the Inspector in inspecting tho material. 

6. Tho entire product of any factory may fx* rejecU’d when, m the judgment of tbs 
Engineer, the methods of manufacture fail to guarantee uniform results, or where tbs mats- 
nals uaed arc such as to prixluce inferior pipe, as indicated by reix'iited failure to comply with 
requirements similar to those of this contract 

7. The prices agreed upon under Item .... shall include the entire cost of furnishing and 
delivering all vitnfied pipe, branches, liends. stopp<‘rs and other fittings. Payments will be 
made for alt accepted branches and fittings set in the pipe lino or its appurtenanoes in aocord- 
aneo*with the price list of Item . . . and the discount Uiemu stated Tbs quantity of |ripe 
»or which payments ¥nll be made will be based on measurements of tbs length of the invert 
lines of the sewers, the length of the manhole inverts and the lengths of branches and other 
fittings being deducted from said measuremeuts. (There is a great variety in the methods 
of paying for pipe sewers, and it is not unlikely that methods best suited for iarfs wor^ 
may not be most desirable for small work in short, independent seoti(»sJ 
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ART. i8,— CEMENT CONCRETE SEWER PIPE 

[Tbeae requirementii aro subutaniially ihoac rerommendod in 1913 to the American So- 
ciety of Municipal ImprovcmentH by a committee consisting of E, J. Fort, Rudolph Hering 
and A. J. Provost, Jr.) 

1. Cement concrete sewer pipe, without reinforcement, shall be of the hub and spigot 
typo, conforming in dimensions to the standard drawings. Variations not greater than 1/2 
per cent, from such dimensions will be permitted The minimum lengths, thicknesses, 
depths of hub and annular spaces for the several sues of cement concrete pipe, shall be as 
stated in the accompanying Table of Leading Dimensions of Cement Concrete Pipe. Egg- 
shaped sections for 12-in and larger sizes shall have flat bases and shall be equal in quality 
to samples to be seen at the office of the Engineer 


Table of Leading Dimensionb of Cement Concrete Pipe 


Diameter, 

Length, 

ThiekncKM, 

Depth of 

Minimum annular 

inrhcH 

feet 

inches 

socket, inches 

space, inches 

6 

2 

3 

4 

n 

\ 

8 

3 

7 

s 


f 

10 

3 

1 

2| 

\ 

12 

3 

u 

2 \ 

\ 

15 

3 

n 

2J 

1 

18 

3 

I 4 

3 

i 

20 

; 3 I 

2 

3 

i 

22 


‘>i 

■“4 

3i 

t 

24 1 

3 ! 




1 


2. The concrete used in the manufacture of cement concrete pipe shall bo compiosed of a 
mixture of Portland cement, sand, and broken stone or gravel, suitably graded and equal in 
quality to similar material specified in Articles 8 and 9 When concrete pipe is broken it 
shall appear homogemunts, be entirely free from cracks or voids and generally uniform, 
showing pieces of fractured stone or gravel firmly imbedded in the mortar 

3. The materials used in its manufacture, the process of manufacture, and the marking 
and dating of pipe shall be subject to inspection at the factory by inspectors designated by 
the Engineer All pip<' shall have the Manufacturer's name and the date of molding clearly 
impressed on the outer surface, as an identification mark. Methods of molding, trimming 
and seasoning cement concrete pipe are loft to the discretion of the Manufacturer. As 
furnished it shall bo without warps, cracks or imperfecUons, and shall present smooth inner 
and outer surfaces with no stimes visible. 

4. After having been thoroughly dried and then immersed in water for 24 hours, sample 
pieces of cement concrete pipe of about 10 sq. in. superficial area, with broken edges, shall 
not absorb more than 7-1/2 per cent of their weight of water 

6. No pipe shall be delivered on the work or used within . . . days after manufacture. 

d. The manner of forming and joining spurs and branches with hubs of standard dimen- 
aions to cement concrete pipe shall be such as to insure a tight umon of ample strength to 
meet the requirements of the work. 


ART. 19.— LAYING VITRIFIED AND CEMENT CONCRETE PIPE 

1. The pipe line* shall bo constructed of pipes of such sisea and laid to such Unes and 
grades m are shown on the drawings, or as directed by the Engineer. Unless otherwise 
directed, the joints shall be made as required in Clause 6 of this article. 

2. When the sower is to be laid without a cradle, the earth forming the bod shall be care- 
fully froed of stones. The pipe shall then be evenly bedded in the earth over the lower third 
of its oiroumferenoe, great care being taken to remove only enough of the earth to leave a 
tisiform support for the entire length of the pipe, except the bell, under which a recess shall 
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be excavated to a sufficient depth to relievo it of any load and to allow ample space for mak> 
ing the joint. In case the bed trimmed in the bottom of the trench is too low, earth shall be 
thrown into the bottom and thoroughly rammed, and a new bed trimmed for the pipe. It is 
forbidden to raise the grade of the pipe by ramming earth beneath it. When the pipe has 
been bedded satisfactorily and the joint made, the recess under the bell shall be refilled with 
earth and enough earth shall be refilled and tamped on each side of the pipe to hold it securely 
in place, care being taken not to disturb the position of the pipe during this process. 

3. The concrete cradle shall have a thickness of at least 6 in., unless otherwise directed; 
in rook excavation the amount of concrete shall bo suflicient to fill the space about the pipe. 
The concrete for the full width of the cradle shall be deposited continuously to the height of 
the outside bottom of the pipe. Before this concrete has set the pipe shall be evenly bedded 
therein, so as to have a uniform support for its entire length, and the remainder of the cxin- 
crete shall be immediately deposited and carefully tamped in such a manner as to avoid 
changing the position of the pipe. 

4. Where the sewer is to be laid in a gravel or broken-stone cradle, the latter shall con- 
sist of gravel or broken stone passing a 1-in. mesh and retained on a 1/8-in, screen. This 
shall be deposited and tamped for the full width of the trench to the height of the outside 
bottom of the pipe. The pipe shall then bo bedded on this mnt(>riat and the remainder of 
the gravel deposited and carefully tamped so as to avoi<l disturbing the pipe but giving 
a uniform support to its entire length. 

6. All pipe, previous to being lowered into the trench, shall bo fitted together dry on the 
surface and matched, so that when jointed in the trench they shall form a true line of tubes. 
Each pipe shall be laid so os to form a close joint with the next adjoining pipe, and bring the 
inverts continuously to the required line and grade 

6. Cement joints shall be made as nearly water-tight os possible and in the following man- 
ner: A closely twisted gasket of hemp or jute, of suitable diameter to bring the pipe into 
their proper relative position but in no case less than 3/4 in , and long enough to pass around 
the pipe, shall be soaked in neat Portland cement grout and then rammed into the annular 
space between the bell and hub with suitable calking tools. The remainder of the joint 
shall then be filled with cement mortar applied with the hands protected by rubber mittens; 
this mortar shall be used as soon as mixed and shall be composted of equal parts of Portland 
cement and sand, mixed dry with enough water added subsequently to give to it the proper 
consistency. This mortar shall lie well pressed and calked into place, after which the joint 
shall be beveled off with mortar for a distance of 2 in. from the outer edge of the bell. The 
joint shall be wrapped m unbleached cotton cloth, securely tied to prevent the mortar from 
slipping or being otherwise injured. No surplus mortar or other foreign substance shall 
project into the pipe from the joints, and, if necessary, they shall be cleaned with a 
go-devil or disk swab attached to a rope or rod sufficiently long to pass two joints from ths 
end of the pipe last laid and pulled forward as the work progresses, or in some other manner 
satisfactory to the Engineer. The joints on the inside of all pifM* sewers larger than 15 in. In 
diameter shall be carefully filled with mortar and wiped smooth and flush with the surface of 
the pipe. 

7. Where plastic joints are specified, they shall be thoroughly calked with a olossly 
twisted gasket of dry hemp or jute, lung enough to go around the pipe and of sufficient thiok- 
neu to hold the pipe securely in their proper relative positions. The plastic compound to 

be used in jointing the pipes shall be that known as the manufactured by 

the of or other plastic jointing mate- 

rial satisfactory to the Engineer. The eonipound shall be heated in a gasoline nr other suit* 
able furnace to a temperature slightly above that at which it can be poured rapidly and 
smoothly, and it shall be kept at this temperature until used. After the pipe joint has baeii 
calked, the melted eompound shall be poured into the joints with the aid of a joint ntnMr or 
gaaket, in the same way that lead joints are poured. In case the pipe joint ia not com- 
pletely filled, the unfilled part of the joint shall be poured again with hoi material ao aa to 
form a oomplete water-tight joint. Wherever permitted sections composed of two or tbr«« 
«pipe. may be jointed at the side of the trench provided the pipe are b<dd firmly in oorrset 
alignment. In lowering the sections so made into the trench, a piece of timber shall he nm 
throush the pipe to support their weight and prevent the joinu or bells from being broken, 

8. Plain mortar jointo shall be made as follows: Befdre a pipe is laid, the lower half of the 
bell of the preoeding pipe shall be i^tered on the inside with stiff mortar of equal parts of 
Portland cement and sand, of sufficient thickness to bring the inner bottoms of the fitting 
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pipe fluih and even. After the pipe is laid, the remainder of the bell shall be thoroughly 
filled with similar mortar, and the joint wiped inside and finished to a smooth bevel outside. 

9. The mouth of the pipe shall l>e carefully protected from all blasts, and rock excavation 
shall be fully completed at least 30 ft. in advance of the laying of the pipe. In all cases the 
mouth of the pipe shall be protected by a board or other stopper fitted to the pipe so as to 
prevent earth and other substances from entering. 

10. In no case shall water be allowed to rise in or about the pipe before the mortar of the 
joint has become thoroughly set No walking on or working over the pipe after they are 
laid, except as may be necessary in tamping the earth and refilling, will be permitted until 
they are covered with earth to a depth of 12 in 

11. Branch pipe shall be provided and laid as and whore directed. Open ends of pipe 
and branches shall be sealed with stoneware stopfiers, cemented into place in an acceptable 
manner The branches shall be laid so that the tap is on an angle of 30 degrees above the 
horixontal 

12. The prices agreed upon under Item . . . shall include the entire cost of laying the 
pipe, branches and fittings, sealing their ends and supplying the stoppers for the seals, and 
supplying the maU«rials and all labor for making the joints. Payments will be based on 
measurements of the length of the invert lines of the sewers, the length of the manhole 
inverU being dediietcil from said measurements Concrete cradles shall bo paid for at the 
stated prici* per cubic yard in lumi . . and gravel or broken stone cradles at the stated price 
per cubic yard in Item. . 


ART. 20.— LAYING CAST-IRON PIPE 


1 The materials shall be distributed by the Contractor as required, and care shall be 
exorcised to prevent any injury in handling Proper tools and implements satisfactory to 
the Engineer for safely handl.ng the pipe and other materials shall be provided by the Con- 
tractor, and particular care shall be exercised to prevent the ubra.sion of the pipe coating. 
Wherever the routing shall be found to have been rubbed off to an unusual extent, the part 
diall be thoroughly cleaned and recoated by the Contractor, with Smith’s Durable Metal 
Coating or other paint satisfactory to the Engineer, and the Contractor shall keep on hand a 
suitable supply for such purpose 

2. All specials and other appurtenances required for the pipe lino shall be set by the Con- 
tractor ns directed b> the Engineer without additional compensation. 

3. Every pipe shall lie cleared of all debris, stone, dirt, etc , and inspected for cracks before 
being laid, and if found cracked the cracked portion shall be cut off by the Contractor before 
laying The liell of the pipe shall be wified out before inserting into it the clean spigot of the 
next pipe, which latter shall then be shoved home firndy against the bottom of the bell in such 
a manner as to prevent the pipe Imeoming displaced after the joints are poured with lead. 
The pipe shall be laid to line and grade as required. 

4. Only good sound hemp yarn or jute packing, braided or twisted, cut off in lengths as 
necessary and tightly driven home, shall be used Said yarn shall be furnished by the Con- 
tractor. 

6. The depth of the lead joints shall be about 2 in., measured from the face of bell after 
calking to the back side of the groove. The lead shall be furnished by the Contractor, and 
shall be of the best quality, pure and soft and suitable for calking. The lead melting pot 
shall be at all times kept within easy reach of the joint, at a distance of not over 50 ft , so 
that the lead shall, under no circumstances, be chilled m being carried from the mclUng pot 
to the pijKj The joint shall invariably be run at one pouring, using such ladles as may be 
necessary, and shall thereafter be calked by akilted mechanics, using at least two sets 
besides the small set or chisel, in such a manner as to give a permanently tight joint flush 
with the end of the bell, without straining either the pipe or bell. 

0. The length of pipe to be paid for will be based upon the measurements taken along the 
center liup of the pipe, including specials and other appliances measured along their center 
lines. 

7. The price per linear foot agreed upon under Item . . . shall include the cost of furnish- 
ing the yam, lead and all other materials used for laying and jointing the pipe, together with 
all cutting of the pipe and other labor necessary for the same. 
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ART. ii.-nOET AND CATCH-BASINS 


1. Inlets and catch-basins shall be built wherever shown on the drawings and at nieh 
other plac^ as may be ordered by the En^iueer dunn. the pro«res. of the w^. 

2^ Inbts and catch-bMins shall conform in every respect to the drawings; they shaU b« 
made perfectly water-tight by plastering the walls with cement mortar 1/2 in in thick^ 
ness and grouting any joints where the Engineer considers this neeeswry. They shall ba 
furnished with cast-iron covers when required by the drawings and connected with the «iwe« 
by vitrified pipe and such bends and slants as may be required. All stones shall be cut 
smoothly and accurately to the dimensions and shapes shown on the drawings, Where the 
Stones, they shall have perfect joints made water tight with cement mortar 
3. If flagstones are used in inlets and catch-basins they shall lie sound, of uniform Uiirk^ 
ness throughout, and free from imperfections. They shall be dressed smooth on the edges so 
M to make close-fitting joints, have square corners, and bo of the dimensions shown on the 
drawings. 


4. When inlets and catch-basins are to be rebuilt, the contract price stated in Item 
shall include taking out the old inlets, rebuilding them anew at the same or such other loca- 
tion as may be ordered, but at no greater distance away than the nearest street. The Con- 
tractor must supply all the labor and materials required to build them anew, in accordance 
with the drawings for new structures. All castings set or reset in connection with the 
rebuilding of inlets and catch-basins shall be in accordance with the standard drawings. The 
old castings shall become the property of the Contractor. The Contractor shall furnish 
and set the curb in the gap formed by the removal of an old inlet that has been reoon- 
structed at another location, without additional charge When it is necessary to lay a 
new pipe connection in the rebuilding of an inlet or catch-basin, payment will be made 
for the pipe used at the price stated in Item , . . When an old inlet or catch-basin, un- 
suitable for rebuilding, becomes unnecessary by reason of the construction of a new struc- 
ture, the Contractor shall remove the old structure without additional compensation and 
the old material shall become his property 

fl. In building or rebuilding inlets and catch-basins, unless otherwise ordered, the Con- 
tractor shall supply any materials and labor necMssry to pave or repave the roadway and 
sidewalk in a manner which will restore them to their condition before the work began, in 
the judgment of the Engineer All sidewalk paving or repaving and all roadway paving or 
repaving on a gravel base shall be done without estra compensation. All roadway paving or 
repaving on a concrete base will be paid for at the pnee fixed in Item .... The price paid for 
each new inlet and catch-basin shall include a length of not more than 25 lin. ft. of vitrified 
pipe in place, complete, for connection with the sewer; any excess will l>e paid for at the price 
of vitrified pipe stated under Item . . the price of excavation stated under Item. . ., and 
the price of pipe laying stated under Item , . . Where existing inlets or catch-basins are to 
be reconnected to a new sewer, the connection shall be made entirely new from the inlet or 
basin to the sewer, in accordance with the drawings Any necessary repairs or alterations 
to the inlet or basin shall be made by the Contractor without additional cost. 

6. When telephone or telegraph posts, gas lamp posts or electric light posts must be 
moved, the Contractor shall employ the company or municipal department owning them to 
move them, and ho will l>e reimburscKi for this expenditure, the amount to be shown by pre- 
senting the receipted bills for the work. 

7. The price agreed upon under item . . shall include in addition to the charges for the 
work and matenal enumerated in Clause 5, the cost of furnishing niatorials for and placing 
the concrete and brick masonry, the cost of furnishing and placing all dimension stonee, the 
cost of setting the cast-iron frame and cover, and the cost of excavation, backfilling and 
grading about the structures. 


ART. 32.— MANHOLES AND WELLHOLBS 

1* Manholes of every type shall be built into the sewers of the siae, form, thicknsM sfuj 
in the poeitions shown in the drawings, and they shall be carried up to within ... in. of the 
established grade or to some other elevation, as directed When not built up to within . . . 
in. of the eeublished grade of the street, the masonry or ooncrete shall be covered, when so 
directed, with bluestones not less than 6 in. thick or with an approved rdnforoed oonereta 
•lab to aupport the head. 
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2. On all oval or circular seworn of leas than 3 ft. borisontal diameter, constructed ia any 
other than hard rock excavation, the manholes shall have a foundation as shown in the draw* 
ings. In hard rook, the manholes may bo founded at the springing line of the sewer, but 
the rook shall bo shaped out to receive the masonry. 

3. Brick manholes shall be built from templets placed at top and bottom to guide the 
work, with not less than eight lines drawn between them, unless the Engineer authorisea 
the omission of their use. The connection with the arch must be true and secure, and in the 
manner shown on the drawings The joints arc to be neatly struck and pointed on the inside, 
and the outside of the brickwork must be neatly plastered with cement mortar as the work 
progresses. An approved proportion of brickbats may bo used in manholes. 

4. Concrete mnnholes shall be built of the sixes and dimensions shown on the drawings. 
The concrete shall conform to the requirements of Article 16. If permitted by the Engineer, 
the shaft of the manholes may bo constructed of reinforced concrete pipe, in which case 
great care must be taken to secure tight joints. 

6. Iron steps of the dimensions shown in the drawings arc to bo built into the brickwork 
or concrete 15 in. apart vertically, unless otherwise indicated in the drawings. They shall 
be galvanised, or coated with rod lead paint or coal tar varnish. 

0. Unless otherwise indicated on the drawings, every manhole shall be provided with a 
cast-iron franu' and cover of the dimensions shown in the drawings The covers shall bo 
free from impe rfections, thoroughly cleaned and coated with coal tar varnish of approved 
quality, and if so ordered bn provided with a gaivanixed bucket of the dimensions shown in 
the drawings The weights of the castings shall be certified by the foundry furnishing them 
to be as follows: Ventilating enver and frame, complete,. . . lb ; closed cover and frame, 
complete, ... lb. The castings shall conform os to quality to the requirements of Article 
13. The cover shall have a continuous and even bearing on the frame, and bo properly set to 
avoid rocking. All inequalities, projections or roughness on abutting surfaces of the cover 
and the frame shall bo removed, and the cover fitted into the frame os neatly as possible 
without jamming 

7. Wctlholos shall have brick walls 13 in thick, unless otherwise shown on the drawings, 
with such openings, slants and bullscyes as may be required. The foundation shall be built 
of stone masonry or concrete, iqion a hard approved bottom or upon the sewer cradling 
extended as may be diriTted. Upon it flagstones or granite block pavement not less than 4 
in. thick shall be laid to the proper grade and well bedded in cement mortar, forming a rec- 
tangular surface, the smaller side of which shall not be less than the exterior diameter of the 
wellliule. The brickwork shall l>e built on tins foundation from templets to guide the 
work. The inside joints shall l>e carefully pointed and the outside of the brickwork shall be 
plasti'red with cement mortar as the work progresses. The connection with the sower shall 
be true and soeurc, and at an angle of 45 deg in the direction of flow in the sewer in case the 
wellholc does not rise from the side walls of the sewer. 

8. Drip stones of flagstone or very hard concrete shall be built into the brickwork every 
5 ft., reckoned from the top of the foundation, but no drip stone shall be located at a distance 
lees than 5 ft, from the bottom of the newer connecting with the wellhole. They shall pro- 
ject half-way across the wellhole and alternate in their position, so as to break the fall of the 
sewage, and shall be not less than 4 in. thick and in length equal to the interior diameter plus 
9 in. and in minimum width 4 in. greater than half the inside diameter of the wellhole. 

9. The top of the wellhole shall lie drawn in all around to within 3 ft. of the confirmed 
grade and to a diameter of not less than 2 ft., and then covered with a flagstone or concrete 
slab 0 in. thick, or the brickwork may be extended to the confirmed grade and provided with 
a manhole frame and cover, as may be directed. 

10. The price per cubic yard agreed upon in Item. . . is for the entire cost of construc- 
tion of the manholes, of furuishing alt matcnals except the steps, and of placing all materials, 
including alt metal work. 


^T. 23 — CURBING, GUTTERS AND SIDEWALKS 

1. In general, all curbing and sidewalk paving disturbed in the execution of this con- 
tract shall be relaiii in accordance with the requirements of the municipal department in 
charge of street work. The Engineer diall determine whether the Ckintractor shall restore 
the curbing and sidewalk paving to its condition immediately before the beginning of work 
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^er thU oontrut or *,11 carry out the work io v*„rd«.«, with the hiiMt loo* nmUkw 
tion. tor new ourbint and ddewalka of the «imc m-ncrai rlww. (In 2!!^ 

Se™T “•* 

wifh ^ihhTr roadwayi RhdJ be paved where direotMf 

fi n in « ^ "ati-factory quaJUy. none of which shall be lej^ 

shaU be caref uHy Iwd by hand to hno and grade, well bedded in fine gravel or sand and thor- 
oughly rimmed. The joints shall be filled with sand. Payment for all materials and labor 
required for gutter paving will be made under lu^m . . . Should such pavement, wi^ 
cement grout or sand, settle or become displnecd. or sltould there 


joints filled with Portland 

be any defootivo work of any kindr.uoh work 'mu7t'^' removed at one. and rndao* by th. 
Cont^tor in a satisfactory manner without addiUonat compensation. 

I. \ curbing shall bo in lengths of at least fi ft. and straight curbing 0 ft. 

B all be of first quality at least 8 in. wide on top and 10 in on the base and 24 In 

deep. No closure shall bo less than 4 ft. in length, and there shall be no offset in the finished 
curb, unless called for by the drawings or by the Kngineer. Whore stone curb is set adja- 
cent to a grate-top inlet or whore a grate-top inlet is built or rebuilt adjaeentto curb already 
set. the curb shall be dressed the entire depth, so as to allow the casting to fit elosely to It. 

4. Curbstones shall be cut to bevel with the side walls of catch-basins and inlets, if so 
required by the drawings, and be dressed on the ends, if necessary, to fit the cast-iron coverf. 
which shall conform to the general level of the sidewalk and be set a sufficient disUnoe from 
the edge of the curb to prevent displacement or injury by passing vehicles. Where curbs 
upon which the casting is to rest are out of line or grade, or too short for the purpose, they 
shall be reset and adjusted ns direct/od, without extra charge 

6. Concrete curbing shall be eomposed of a mixture of one part of Portland cement and 
six parts of sand and ballast, in the absence of other directions, and, unlrm requin^d by the 
drawings to be of a different cross-section, shall be 6 in. wide on top, 18 in. deep, with a ver- 
tical face and a bark sloped 1 to 5 The lumber for forms shall be dresseil on the edges and 
on the side next the concrete, and l>e set securely so that the curbing, when eomi>let«d, shall 
conform accurately to line and grade After the concrete has been deposiU'd, it shall b* 
spaded back from the face of the form to a depth of at least 8 in., and to a width of not less 
than 3/ 4 in. at the top. The space thus formed shall be filled with a mixture of 1 part of Port- 
land cement and 1-1/2 parts of sand, by volume, and the concrete and mortar shall then b« 
thoroughly spaded ami tamped. A top layer of the same mortar 3/4 in. thick shall bo applied 
immediately and thoroughly troweled to a smooth, uniform finish, special care being taken 
to produce a perfect bond between the mortar and roneretc After the forms have been 
removed, all faults of any sort shall be filled with mortar and smoothed, so that the top and 
the face for a depth of 8 in. shall bo frw from defects. The fresh concrote shall be sprinkled 
and protected from the weather as directed by the Engineer. 

6. Where an open or covered cross gutter or pipe drainage channel exbts in the surfas* 
of the roadway, which will be rendered useless by the construction of a storm inlet, the Con- 
tractor will be required to remove the whole of it and lay or relay the pavement to the grade 
and surface designated by the Engineer. This work shall be done without extra ebarga. 

all iron pipe and gutter covers removed shall remain the property of the city, 

7. Where granolithic sidewalk is required, the site shall be excavated and graded to the 
width directed, to a subgrode 18 in. below and parallel to the top of the finished pavement 
where the excavation is in earth. The lif^d shall be thoroughly compacted by raimning to the 
prescribed lines. If the excavation be in solid rock that requires blasting, the subgrade 
■halt be not less than 8 in. below the finished top. On the subgrade so prepared, a fouada- 
tion of clean cinders shall be placed in two layers, which shall each be well consolidaied by 
ramming with a rammer weighing at least 75 Ib. The cinders shall be well watered during 
ramming, and the top surface shall bo brought to a height 4 in. below and parallel to the 
finished surface, which shall have a transverse grade 1/4 in. per foot upward from the oturb. 

* On this cinder foundation shall be placed 3 in. of cement concrete thoroughly oomiweted, 
which shall be cut by joints into blocks not larger than 5 ft. square, the Joints to extend dear 
through the concrete. On this base, before the concrete has attained its Initial set, Agll be 
plaoed tjfe wearing course, consisting of a stiff mortar of 1 part cement and sand and 1-1/2 parta 
of crushed granite or other stone approved by the Engineer, the largest particles of wbieb 
■hall pass through a 1/2-in ringand tl^ smallest be retained on a 1 /4-in. eerseii,f me from dost, 
loam or earthy and orgnnie substanoes. This mortar shall bs iaki to a full dspth of 1 ln„ 
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(vircfully floated, and troweled to a amooth, even surface. A drier made ofeaual n rt 
sand and ceinont, well mixed, shall be sprinkled in a dry state over the surface and thm 
floated and troweled. Joints shall be made clear through the wearing surface, directly over 
the joints in the concrete base, troweled with a small jointer, and the entire surface indented 
in a manner satisfactory to the Engineer When the pavement is completed it shall be kept 
covered for 3 days, and shall be kept moist by sprinkling and thoroughly protected against 
f reeling. 



CHAPTER XVIII 

OPERATION AND MAINTENANCE OF SEWERAGE SYSTEMS 

The investment in sewerage sj'stems in this county' amounts, roughly, 
to from SIO to $40 per capita of population residing in the sewered 
cities. According to the special report on “Statistics of Cities, 1908," 
issued by the IJ. S. Bureau of the Census, the replacement value of 
such s^^stems in cities of 30,000 inhabitants, or over, aggregates over 
$550,000,000, not including the systems of several large and a number of 
smaller citi(3S. 

In view of this investment, it is remarkable that so little attention has 
been given to the operation and maintenance of sewerage systems. 
The public, and particularly City Councils and Mayors, realize that 
money must be furnished for the operation and maintenance of pumping 
stations, but they are slow to understand the necessity of exjwnditures 
for the operation and maintenance of the sewers. In fact, few citizens 
or councilmen have the slightest conception of the network of sowers 
beneath the streets, or of the difficulties encountered by the Sower 
Maintenance Departments. When a sewer fails to perform its work, 
however, there is likely to be serious complaint and the criticism of 
those in charge is often unfriendly, to say the least. One of the im- 
portant duties of those resfionsible for the operation of these systems is 
to enlighten the proper authorities upon the necjcssity of properly caring 
for them, keeping them clean, rejiaired and ready at all times to servo 
their purpose. With sewers, as with most other structures, it is less 
expensive to make minor repairs from time to time when necessary than 
to allow the defects to await a more convenient time for repair. Serious 
damage may often be avoided if inspections are frwiuent and small 
repairs ore made promptly. 

Inspection. — A knowledge of the physical condition of sewers k 
necessary for their proper operation. As sewers are below the surface 
of the ground and never seen except at times of cleaning, repair, or special 
inspection, it is evident that such knowledge must generally be obtained 
through inspection. 

Special structures, such as regulators, tide-gates and inverted siphons, 
should be inspected at frequent and regular intervals. For example, 
regulators ought to be examined nearly eveiy day and siphons about once 
each ihonth, while flush tanks require inspection at least once each week. 
Sewers in which considerable quantities of detritus accumulate should 

491 



492 


AMERICAN SEWERAGE PRACTICE 


be examined three or four times a year and a general Inspection should 
be made of the entire system once annually. The small sewers at the 
upper ends of systems and all sewers having exceptionally flat grades 
should be examined whenever flushed by hand, the interval between 
such inspections varjdng with local conditions but usually not exceed- 
ing one or two months, where systematic and thorough flushing is 
practised. 

The general annual inspection is a continuation of the monthly 
inspections of the small sewers rc(piiring flushing. Most of this work 
should be done during the warmer jmrtion of the year, when the manhole 
covers are acc(5SHible and easily removed. The masonry sewers large 
enough to permit of direct internal insi)ectiori may be examined during 
the winter, when the temperature and quality of air in the sewers are 
more favorable tlian during hot weather. 

The annual inspection should be sufficiently thorough to reveal any 
defects in the masonry of manholes or large sewers and to detect the 
presence of unusual deposits. This may generally be done by merely 
noticing the stream of flowing sewage at the manholes. If there is 
obstruction, it will be evident at the manhole next above, where the 
sewage will be found to be backing up. Occasionally, a more thorough 
examination should be made to learn of the condition of the smaller pipe 
sewers. This can be done by looking through the sewers from manhole 
to manhole, often without artificial light or reflectors. Where necessary, 
mirrors may be used for throwing a pencil of light through the pipe or 
candles on floats may be sent through the sewer if gases are absent. 
By means of such light, it will be possible to detect any serious defects in 
the pipe, although small cracks are difficult if not impossible to see at a 
distance from the manhole. Such thorough inspection need not be 
made annually, but should be made often enough to give the super- 
intendent a clear knowledge as to the general condition of the sewer 
system. 

Careful and complete records, conveniently indexed, should be made 
of all inspections. Where repairs are found to be necessary, even 
though they be slight, like the pointing of the brickwork above the frost 
line in manholes, they should be promptly made. 

When a sewer is to be entered or a lighted lamp or candle is to be 
lowered into it, great care should be exercised to avoid danger of explo- 
sion. Men accustomed to this work will quickly perceive the presence 
of illuminating gas or gasoline vapor by the odor. This is the safest 
method of testing the air, but the obser\^er should be careful to note 
whethei^he air is entering or emerging from the manholes, otherwise 
he is likely to mistake the absence of odor for the absence of gas in the 
sewer. If it is necessary to enter the manhole to determine the* pres- 
ence of gas, this should be done without a light, unless it be an electric 
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lamp, the man entering should wear a life belt with a line leadiiur 
to his helpers at the top of the manhole. Although seldom done, it 
18 always wise to open several manholes on the sewer to be entered 
some little time before the entrance is to be made, in order to provide a 
change of air within the sewer. 

An inspection in, or even very dose to a manhole, should never be 
attempted by one man alone; the inspector should have at least one 
helper both for his protection and that of the pubUc, and usuaUy more 
than one. The helper should remain standing at the top of the manhole 
to warn approaching persons of the opening. Where the inspector is 
to go from manhole to manhole through the sewer a second helper should 
precede him to the manhole below that at which he enters. When the 
inspector has reached the second manhole, the second helper signals the 
one at the first manhole, who replaces the lid and passes on to tlie 
third manhole, awaiting the arrival of the inspector at this point. Three 
men constitute the minimum safe size of gang for such inspection 
and preferably two men should go together through the sewer. 

Deposits in Sewers.— Deposits which are found in sewers may be 
subdivided into two classes, first, heavy deposits consisting of sand, 
gravel or road detritus, which require scraping or some similar process 
for their removal, and, second, deposits of light organic subkances 
wliich may be flushed along the sewer until they reach a point beyond 
which there is sufficient velocity and depth of flow to carry them along. 
If the heavy deposits are allowed to accumulate, the capacity of the 
sewer will be materially reduced and dams are likely to be formed behind 
which the sewage will be impounded and the organic matter will settle 
and decompose, giving off offensive odors. In the smaller and flat 
sewers, especially at the upper end of a system, organic matter is likely 
to accumulate, due to lack of suflicient depth of flow and velocity to carry 
it along. 

Much has been said about different means of flushing, and while 
attention should be given to this subject, the authors are inclined to the 
view that there has been a tendency in some cases to overestimate the 
ill effects of comparatively slight accumulations. It is certain that 
little flushing is done in the larger cities, with comparatively few 
resulting stoppages and without complaint of objectionable odofi. 

The deposits found in the larger combined sewers and storm drains 
consist of sand and road detritus, the character and amount of which 
depend to some extent upon the natural soil and the street surfaces, 
,A 8 well as upon the slope of the surface of the land in general. Where 
orjj^c deposits are covered with water deoompoeition is accompanied 
by disintegration and the coarse material which was deposited passes 
away gs finely divided suspended matter, or is carried to the surface in 
masses by entrained gases and borne along by the flowing sewage. 
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Heavy oils and tars mixed with detritus form a sort of cemented 
deposit which will not be scoured or flushed out of the sewer by ordinary 
velocities of flow. Such deposits are often found below connections 
from gas works, unless special precautions are taken to prevent the 
discharge of tar. Even where provision is made for recovering tar 
from the gas wastes, quantities of it and of heavy oil are likely to pass 
away from the plant and find their way into the sewer, unless some 
sort of filter beds are provided which will remove such substances from 
the water. 

Grease from hotels and restaurants is a cause of frequent partial or 
complete clogging of sewers. The large quantities of hot water con- 
taining the grease are not sufficiently cooled for the grease to be inter- 
cepted by the traps and it accordingly is deposited on the walls of the 
house connections and sewers. E. S. Dorr, head of the Boston 
sewerage work for many years, reports that this trouble became so 
important in the localities near large restaurants that he made continu- 
ous efforts to have satisfactory grease traps installed to prevent grease 
from getting into the sewers. The largest traps made by manufacturers 
of plumbers’ supplies were entirely too small for this purpose. The 
quantity of hot water being received all the time kept them constantly 
heated and allowed the grease to be carried through to the sewers. 
One large restaurant made an effort to solve the difficulty by a basin 
4 X 10 ft. in plan by 4 ft. deep, which was crossed by several baffles. 
This improved conditions so that where formerly they removed about 
175 lb. of grease per week, they now succeed in getting on the average 
about 900 lb. As much of this may be sold for 5 cents a pound, the trap 
will eventually pay for itself, although in this particular case the original 
cost was about $800. 

An interesting instance of accumulations in a sewer in Lynn, Mass., 
was described before the Sanitary Section of the Boston Society of 
Civil Engineers, by A. C. Townsend {Jour. Assoc. Eng. Socs., 1904, 
p. 239). In this case a large tank of boiling soap was accidentally dis- 
charged into a 3()-in. brick sewer having a slight grade. The weather 
at the time was cold and for 300 or 400 ft. the soap congealed and 
nearly filled the sewer. It was necessary to send men in and actually 
cut out the soap. 

Most of the Manhattan sewers, the mouths of which are tide-locked 
and the bottoms of which lie below high tide, were found by the Metro- 
politan Sewerage Commission to contain considerable deposits of silt 
and sewage solids forming as a rule a dense mass difficult to remove with- 
out th<f use of tools. In neighborhoods where considerable grease 
escapes with the sewage the rise and fall of the tides has coated the 
sides and tops of the sewers with congealed grease, in some cases as 
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f i *“ thickneM. In the sewers where steam and hot water 

enter^ the odors from the cooked sewage are unusuaUy disagreeable, 
A description of conditions found inside a large sewer in Cdumbos 
Ohio, was given by Julian Griggs, formerly chief engineer of the Depart^ 
ment of Public Service of that city, in Engineering A'eice, vol. xUv, 
p. 443. The deposit is described as being mostly road detritus mixed 
and stratified with layers of tar from 1/8 to 1 /4 in. thick, and from 1 
to 2 in. apart. The following description of growths in the sewers is 
of particular interest: 


Toad stools up to 3-1/2 in. in diameter in all stages of growth and decay 
were found on the sides and top of the sewer in abundance, and under the 
part having a cover of 40 ft. . . . The mycelium of a fungus common in 
coal mines, which resembles the tough fibrous roots of a tree, was found 9 in. 
in length, growing in patches from the top of the sewer; and in one place a 
thick bunch or cluster 20 in. in diameter and 30 in. in length, was attached 
to the side of the sewer above the spring line.” 

A description of stoppages in a sewer system was given in /our. Assoc. 
Eng, Socs., vol. xxxiii, 1904, p. 227, by F. Herbert Snow, Chief Eng. 
of the State Department of Health of Pennsylvania, as follows: 


“During the year, in the street mains and connections, there were 482 
ordinary stoppages and 134 more on private property, making a grand total 
of 616 stoppages chargeable to the operating account of the sewer system. 
In analyzing the causes of these stoppages* it was found that 

Grease claused 19 in mains and 8 in outside connections 
Sand caused 25 in mains and 20 in outside connections 
Rags caused 83 in mains and 47 in outside connections 
Breaks caused 16 in mains and 21 in outside connections 
Misc. caused 79 in mains and 128 in outside connections 


“The 222 stoppages in the mains cost $1063, or $4.79 per stoppage. 
The 260 stoppages in the outside connections Cyost $594, or $2.28 per stop- 
page. The total cost of each one of the above causes according to the classi- 
fication in the table was os follows: grease $189, sand $208, rags $444, breaks 
$139, miscellaneous $677. But mcjst of the miscellaneous stoppages were 
caused by the accumulation of grease between the street line and the sewer 
main, and about one-half of the inside stoppages originated from this source.” 


A description of conditions in Newton, Mass., is given in the same 
place by Dana Libby, deputy street commissioner in charge of sewers 

of that city: 

^ . 

“’The streets of Newton are lined with shade trees, and their roots readily 
follow down through the less compact earth in the sewer trench and find de- 
fective joints if any exist. The underdrains become clogged with these roots 
much more frequently than the sewers, as they are laid with open joints, but 
• This apparently refers to the 482 “ordinary stoppages;” the figure 8 
for stoppages caused by grease in outside connections should probably be 
38.->M & E. 
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the number of etoppagcH in sewer pipe, due to an accumulation of roots, lue 
been far greater than was ever anticipated.” 

In the same discussion it was stated that in 1903 there were 15 
stoppages in main sewers in Waltham, Mass. Of these 8 were in 6-in. 
pipes, 6 in 8-in. pipes and 1 in a 10-in. pipe. Roots from trees caused 
8 stoppages, a brick one, sticks two, ribs of an umbrella one, paper one, 
ice one, and one by a cause undetermined. The average number of 
stoppages for four years was 14. At Brockton, Mass., stoppages in 
separate sewers were said to be practically unknown, perhaps four or 
five in eight years. In 1903 there was one stoppage in 1700 house 
connections, the standard size being 5 in. A shoe factory employing 
about 2500 persons was served by one 5-in. connection. 

Particular attention should be given to the condition of sewers in the 
immediate vicinity of industrial plants such as gas works, packing houses 
and tanneries, from which large quantities of suspended matter likely 
to be deposited may be discharged. Many cities have adopted ordi- 
nances sufficiently broad to prevent the discharge of material which will 
prove injurious to the sewers or interfere with their successful operation. 
While the enforcement of such ordinances may be difficult, it furnishes a 
means of avoiding the trouble and expense resulting from such deposits. 

Flushing Sewers. — Sanitary sewers and the small laterals of 
combined sewer systems are generally cleaned, if at all, by flushing. 
There are several methods of doing this work. Some have held that 
small lateral sewers should be flushed daily, on the theory that none of 
the organic suspended matter should be allowed to accumulate in them 
and remain to putrefy. To provide for daily flushing many types of 
flush-tanks have been designed, some of which are illustrated in Volume 
I. Much trouble has been caused by the clogging of the aperture 
through which water enters the tank so that in some places it has been 
found necessary to inspect the tanks almost daily to make sure that they 
were operating with the desired frequency. This has taken so much 
time that some engineers have substituted for each tank a simple water 
connection, from which a properly located manhole can be filled when 
desired by temporarily closing its outlet, which is opened as soon as 
the desired quantity of water has been stored. In some cases it 
has taken little more time to flush the sewers in this manner than to 
attend to the automatic flush-tanks. It has the advantage of requiring 
water only while flushing is actually going on and if conditions do not 
require daily flushings a saving in water is likely to result. 

Stili^nother method is to flush the sewer by means of a direct water 
eonnection of good size, about 1 in. when a good pressure is available. 
Such a connection is opened by a long-handle socket wrench, end the 
sewer can be thoroughly flushed in the time a manhole can be filled 
and discharged. This scheme has met with some favor because it 
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Wd8 the trouble eometimefl experienced in temporarily do8in« a Mw«r 

mile the flushing manhole is being filled. 

Many of the older and larger systems are flushed with a large stream 
from a fire hose attached to a hydrant. For such flushing the hoee is 
carried upon a reel in a wagon from street to street, making a circuit of 
the city. At least three men are required and it is usually more 
economical to provide four. One objection to this method may come 
from the water department or company, which may object to having 
the sewer employees operating the hydrants. A good method of 
meeting this objection is to allow the water department to furnish a 
man to attach the hose to the hydrant and to attend to operating the 
gate. Where this is not done a memorandum should be made of all 
hydrants opened, which should immediately be turned over to the water 
department so that they may be inspected. By adopting the former 
method this inspection is made unnecessary. 

Much discussion has arisen over the propriety of charging sewer 
departments for water used for flushing or other purposes. Whatever 
the final decision may be, in any case there can be no doubt that the 
quantity of water so used should be measured by meter and made a 
matter of record, otherwise there will be a tendency toward waste, and 
the water department will have no record of the purpose for which this 
quantity which has been furnished to the city has been used. Pipes 
supplying flush-tanks and flushing manholes should be metered in the 
usual way. Where flushing is done by hose a portable meter mounted 
on a short plank provided with handles should be used. It can be kept 
attached to the liose at a point near the end to be attached to the 
hydrant, thus avoiding the necessity of connecting and disconnecting 
the hose with it each time. 

Where sewers are flushed by the hose method the system is usually 
given a thorough cleaning each spring and fall, and a less complete flush- 
ing at intervals during the summer. It is usually impracticable to do 
such flushing during the winter in the northern part of this country. 

In a discussion of methods of sewer cleaning, published in the Journal 
of the Association of Engineering Societies, vol. xxxiii, Bertram Brewer 
stated that a thorough cleaning was given the sewers at Waltham, Mass., 
every spring and fall and that they were flushed on the average five 
times during the summer season, at a cost of $6.56 per mile for the entire 
system. At Waltham, as at Newton and Medford, Maas., pipes from 
the water mains discharged into summit manholes which were at a 
hmg distance from hydrants. Flap gates held back the water until the 
ma^oles became filled. There were about 38 miles of seweni in Waltham 
with 104 flushing manholes and 117 manholes for 2-1/2 in. hose 
fiusinffg, or 221 places which were regularly flushed. C. H. Pelt<m 
stated that all summit manholes in Brockton, Mass., were connected 
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with the water mains, some with 1-in. pipe and others with 1-1 /2-i# 
pipe, under 60 lb. pressure. At Concord, Mass., W. D. Hubban 
reported S20 to S25 per mile per year was spent for cleaning a separate 
system of 7.53 miles. The dead ends of the system were providec 
with 320-gal. automatic flush-tanks discharging daily. Mr. Hubbard 
thought these tanks were effective for a distance of about 500 ft. Where 
no flush-tanks were provided, the manhole was filled by hose, the 
sewer being closed by pushing into it a plug made of sheet rubber, 
backed with canvas and packed between two circular pieces of wood of 
about half an inch less diameter than the pipe. Sewers requiring 
this method were flushed twice a year. 

Dana Libby stated that there were 96 miles of sewers, 80 of which 
were 8-iri. pipe, in Newton, Mass., in 1904. Two men with a three- 
wheel push-cart attended to the flushing and cleaning throughout the 
year, covering the entire system in from four to five weeks. The 
system was provided with flushing manholes equipped with 1-1 /2-in. 
water connections. Rubber-bound wooden plugs, made of the right 
size to fit the outlet, were used to stop the sewers until the manholes 
were filled, when they were drawn out and the water allowed to flow 
through the sewer, giving it a satisfactory flushing. 

At Melrose, Mass., according to W. D. Hunter, a separate system of 
about 35 miles was cared for as follows: Starting at the summit the 
laterals were flushed or cleaned toward the mains and then the mains 
were cleaned, sweeping everything down to the sump, where the local 
sewer connected with the metropolitan interceptor and any deposits 
could be readily removed. The cleaning or scraping was done by a 
steel hoe having the shape of the pipe with a joint or hinge so that in 
pushing it backward, it partly collapsed or shut up. Back of this hoe 
was a follower, consisting of a bag or bundle of bags made into a roll 
2 or 3 ft. long and wound with a small rope so as to fill the smtdler pipe 
entirely. The follower tended to hold back the water and when pulled 
into the manhole there was a rush of sewage tending to flush the solid 
matter along. Any heavy material which remained in the manhole was 
removed and carried to the dump. The same method of cleaning was 
followed in the larger pipe, except that the bag or follower did not 
entirely fill the sewer. It was kept on the bottom by being weighted 
or filled with sand. The cleaning was done once each year, usually in 
the winter. The annual cost of flushing or cleaning the 83 n 3 tem was 
equivalent to 117 per mile of sewer, including labor, teams and all 
incidental expense. 

Geoife A. Wetherbee stated that Malden, Mass., had 47 miles of 
separate sewers ranging from 6 in. to 3 ft. in diameter. The cleaning 
cost a little less than $5 per mile per year. The end manholes mhuLuidl 
sewers were provided with 2-1 /2-in. water pipe connections* When a 




ii 


m 

£ 




0 


y' 

u 


7'Ai^f /V 


0 


« • 

« 


Fig. 161 —Roots rciiiovcd from underdrains, Newton, Mass. 
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was to be fioabed, the outlet from the manhde was stopped by 
lOeans of a tia .form put tntd the sewer. The manhde was then filled 
with water after whkh the tin form was removed and the sewer flushed. 

E. W. Bcaneh reported the cost of flushing and cleaning sewors in 
Quincy, Mass., at $1500 annually, the system comprising 40 miles of 
septate sewers. The cost was, therefore, about $37.50 per mile of 
sewer. The sewers were flushed about once in six weeks from flushing 
manholes at the summits, of which there were about 125. A fungus 
growth appeared in some of the sewers, which was removed by means of 
a rattan brush. This fungus grew below the surface of the sewage and 
clung to the sides of the pipe, in some places leaving only a narrow 
channel in the center for the flow. 

At Springfield, Mass., where the sewer system comprised about 25 
miles of masonry and 75 miles of pipe sewers, A. A. Adams reported 
that the flushing was done by means of direct connections to the water 
system at all terminal and some intermediate manholes. The system 
was flushed systematically once in four to six weeks, which proved 
sufficiently often. 

In the report of the Massachusetts State Board of Health for 18^, 
page 674, is a description of the trouble caused by the growth of the 
fungus leptomilus in the main sewer of Westboro, Mass. This organism 
grew on the inside of the sewer and was present at times in such quanti- 
ties that the sewer was clogged and it was necessary to remove the 
growth by scraping. The organism was found only in the portion of the 
sewer in which leakage occurred and its growth appeared to be in some 
way associated with the presence of large quantities of ground water. 

Removing Roots from Sewers.-~Much trouble has been caused in 
some cities by the growth of roots within sewer pipes. In such oases, a 
fine, hair-like root finds its way through an imperfect joint, and after 
reaching the inside of the pipe this root branches and grows, sometimes 
forming an enormous mass of hair-like filaments, illustrated by Fig. 161, 
from a photograph kindly furnished by Edwin H. Rogers, city engineer, 
Newton, Mass. Some engineers hold that it is useless to remove such 
roots from time to time, as they will soon grow again, and that it is 
wiser to spend sufficient money to dig up and repair the sewer, thus 
preventing the admission of roots. 

A spring root cutter was designed and used at Newton, Maas., by 
C. W. Ross, street commissioner. This cutter is shown in Fig. 162, and 
lees distincUy in Fig. 161. It is made of spring steel 1/4 in. thick and 
3/4 in. wide, with the outer edge sharpened like a knife. Hie 
ends of the springs, being small, are easily pulled into a bunch (d footi 
and the cutting action caused by pulling the spring beckward and faf- 
wanfis suflicient to loosen a very compact mass. The cutting firing 
Is sometimes provided with a heUoal inner spring instead of the idiaia 
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shown in Fig. 162, to draw the cutting spring back to its proper posit^ 
after it has been stretched by being pulled. 

W. D. Hubbard stated that at Concord, Mass., if there was a joint 
in the sewers in which there was a hole as large as a knitting needle, a 
root would enter it and grow from 5 to 10 ft. long. For removing such 



Fio, 162. — Ross root cutter. 


roots, he used a wire brush made of thin strips of flexible steel. Upon 
being drawn through the sewer the brush tore off the root where it 
entered the pipe. 

Removal of Heavy Deposits from Sewers. — Separate sewers may be 
laid on very flat grades without danger of serious trouble from deposits. 



< Inclination I 200 • 



Flo. 163. — Sewer cleaning device, Walsall. 


Combined sewers and storm drains, on the other hand, must have witto 
them a velocity of at least 2-1 /2 ft. per second when half full, to pref^ 
such deposits. This fact is probably more clearly understood to-day 
than 50 years ago when many of the older combined sewers iaJthis 
country were designed. There should, ther^ore, be rdatively fewer 
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ijiture deposits in places where ample grades ean be provided, 
'fhere are, however, cases where sufficient grade to prevent deposit 
can o^y be obtained by pumping the sewage, and in some such cases it 
may be more economical to remove such deposits from time to time 
than to provide for continuous pumping of sewage and the occasional 
pumping of storm water in very large quantities. It is, therefore, 
important to consider methods for removing such deposits, both 
^ause those in old sewers must be removed from time to time, and 
because in ah probability in many places it will be necessary in the 
uture to build sewers with such flat grades that deposits will occur at 
certain points. 

A sewer cleaner. Fig. 163, used at Walsall, Kngland, was described by 
R. G. Anvel in Engining JVen*. Nov. 16, 1899. This device, weighing 
about 550 lb. consisted of wrought-iron claws, ten on each side, working 
on a common axis which permitted them to pass over irregularities in 
the invert. The bars above the axle prevented the claws from doub* 
ling over backward. The device was pulled backward and forward 
through the sewer, by means of two steam plowing engines and wire 
ropes. 

An interesting piece of sewer cleaning was described by J. N. Ambler 
in Engineering Aetcs, June 25, 1908; this was done on a 24-in. pipe 
sewer 2200 ft. long at Winston, N. C. It was about half full of sand 
and filth, cemented by gas tar and almost entirely obstructed in places 
by growths of roots. A tool made of steel bands bent around ho<^, 
Jig. 164, was used to loosen the upper part of the compacted material 
and to cut the roots. Water was admitted to the upper manhole, 
and as the cleaner was pulled backward and forward, the sediment thus 
loosened was flushed to the lower manhole where it settled in the water 
impounded behind a temporary dam. While this apparatus gave 
excellent results in loosening the obstructing material, the apparatus 
illustrated in !ig. 165, called the “butterfly," proved more effective in 
forcing it to the lower manhole. As the butterfly was dragged down 
the sewer, the wings opened, taking a considerable quantity of sedi- 
ment with it. H^Tien being drawn back, the wings closed, thus reducing 
to a minimum the interference with the deposit. A strekm of water 
was also used while the butterfly was being drawn down the sewer. Both 
the cutter and the butterfly did more effective work when weighted to 
hold them down in the deposit. The wire cable for drawing the iq^mratus 
was drawn back and forth by means of windlasses. 

sewer was thoroughly cleaned and put in service in two months. 
The foreman was paid $55 per month and laborers $1.50 per day of 
ten houre. Two to three laborers were employed, the total coet of 
labcr^ing $144.39 and of foremen, $110. The estimated cost of 
cleaning devices and supplies was $20. The total cost of toe wmh was 




The Turbine Sewer Cleaner is an apparatus consisting of a barrel 
provided wiili four runners, Fig. 166, on which it rides when moving 
through the sewer, and carrying a water motor, the shaft of which ex- 
tends out from the front end and carries a series of hook-shaped cutting 
blades. The motor is ojHjrated by water from a hydrant, delivered to 
one end of the cleaner through a fire hose. The cleaner is hauled through 
the sewer between manholes by means of w'indlasses and is said to have 
cleaned an IS-in. sewer 371 ft. long at a cost of 12.52 per foot. The 
apparatus is made by the Turbine Sewer Renovating Machine Co of 
Milwaukee. ' 

d^cription of the cleaning of sewers of heavy detritus is given by 
FYederick L. F<ml in his annual report of 1905 as city engineer orHart- 
lord, Conn. Sewers 3, 4 and 6 ft. in diameter, respectively, were cleaned. 
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the first by the use of pails, and the second and third by the use of wheel- 
barrows. The length of sewer cleaned, the quantity of detritus removed 
and cost per load and per foot of sewer are given in Table 72. 

Table 72. Data Relating to Cleaning Large Sewers in Habtford, 
Conn. 


Siie of sewer, ft 

j Length of sener, 

1 ft. 

Loads removed 

Cost pt*r load 

Cost per foot 
of sewer 

3 

j 1916 

107 

14.36 

10.243 

4 

1 2225 

61 

3.99 1 

0.109 

() 

! 5128 

107 

.3 62 ! 

0 075 


The average distance cleaned per man per day was as follows: 3-ft 
sewer, 0 ft.; 4-ft. sewer, 33 ft.; (>-ft. sewer, 32 ft. 

The Thompson Sewer Cleaning Machine Co., of Buffalo, N. Y., has 
brought out the machine shown in Fig. 167. By using a snatch block at 



Fio. 166.~Turbine sewer cleaner. 


one end, the drawing cable can be slipped out of the block when the 
cable has reached the manhole, thus making it possible to pull up the 
scraper with its load and dump it into a cart or wheelbarrow. Such a 
scraper may be drawn backward and forward by means of hand wind- 
lasses or, upon large work, by hoisting or traction engines. If engines 
are used, great care should be exercised to prevent damaging the sewer 
by getting the scraper caught and then exerting undue pull upon the 
rope. 

An apparatus used for scraping sewers in the Borough of Brooklyn, 
New York, is illi^ated in Fig. 168. The portable derrick is operated 
y* by a gasoline engme. The bucket and method of o{>cration are described 
in a letter to the authors by E. J. Fort, Chief Eng. of Sewers, as foUows: 

/'TKis bucket has been somewhat modified since it was first deugned. 
It is fitted with a gate at each end, of the same design. This gate opens 







Fia. 168 .— Brooklyn sewer cleaning equipment. 
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toward the inaide of the bueket automatically. It opens outwardly when 
a latch is opened after it has been placed in position for dumping. . . . One 
man is stationed on the street at the manhole and guides the bucket in or out 
of the manhole as the engineer raises or lowers it. One man is located at 
the bottom of the manhole and throws the cable on or off a pulley as the 
bucket enters the sewer or leaves it. Two men who superintend the filling 
of the bucket carry it back into the sewer and place it in position for filling. 
The hoisting engine is then started and the bucket is allowed to scrape along 



the bottom until it is full. As it approaches the manhole whore it is taken 
out, the cable is thrown off the pulley or snatch block and it is hoisted out 
of the hole.” 

A scraper which has been used to some extent in the eastern part of 
the country, known as the Healey Sewer Cleaning Machine, is illustrated 
in Fig. 169. 

Various other types of scrapers have been used, one of which is illus- 
trated by Fig. 170. This scraper is provided with a rod connecting the 
two doors, so that when it is being pulled in one direction the rear door 



Fia. 170, — Scraper used at Quincy 


is held tightly closed and when being pulled in the other direction the 
opposite door is similarly closed. The difficulty with this and most 
other semicircular scrapers is to keep them right side up, as there seems 
to be a decided tendency for them to overturn. In this respect the full 
cylindrical scraper is perhaps somewhat more satisfactory. There is 
some tendency for all scrapers to ride over the deposit, especially if it 
is very much compacted or cemented with tar. 

' Any sewer which is large enough for men to work in and in which the 
flow is.not so deep as to prevent their standing on the bottom, can be 
jfibet readily and economically cleaned by sbovelmg the deposit into 
buckets and handing them back from man to man, or shovdingit 


506 


AMERICAN SEWERAGE PRACTICE 


directly into boats or placing the loaded buckets in boats and doating 
the load hack to the manhole, through which it is to be removed. 

In some cases it has been necessary to clean relatively large sewers 
while they were in operation at nearly their full capacity. This has 
been successfully and economically done by means of full cylindrical 
scrapers hauled back and forth by hoisting engines. 

It often happens that deposits are formed in relatively short lengths 
of sewers beyond which the grades are such as to provide self-cleansing 
velocities. In such cases it may not be necessary actually to remove 
the grit from the sewer, but simply to stir it up and flush it along to 
the point beyond which the velocity is sufficient to carry it to the outlet. 
Many devices for this work have been used, two of which are illustrated 
by Fig. 171. 



Fia. 171 — Flushers used at Newton. 

Another device for accomplishing this purpose is a ball of slightly less 
diameter than the sewer. Such a ball is thrust into the sewer at the 
upper manhole and allowed to work its way toward the lower end. 
The natural flow of sewage is under and around the ball, scouring for- 
ward the dei>oeit. This method of cleaning involves little expense and 
where conditions have been favorable, it has proved quite satisfactory. 
However, there is always some apprehension on the part of those in 
charge lest the ball become securely lodged in the sewer, causing a stop- 
page which will require digging it up. 

Where sewers connect with intercepters leading to pumping stations 
and treatment works, there may be little gained by stirring up and 
flushing along such deposits. E. S. Dorr, head of the Boston Sewer 
Divisipn for many years, has expressed the opinion that the use of 
scrapers with cutting edges for stirring up the deposit and carrying it 
along the sewer is not veiy practicable for that city, as the material is 
simply carried along to the interceptere or other places further down tm 
line, from which it must ultimately be removed. For this reason, when ' 
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the gewere are cleaned the material is generally taken out at the neatert 
manhole below. 

One of the most useful tools for cleaning sewers is the jointed rod. 
Formerly the rods used for this jmrpose were made of 4-ft. lengths of 
1/2-in. gas pipe threaded at each end. These pipes were taken into the 
manhole and coupled up as fast as they were pushed into the sewer. 
Later a much more convenient type of rod, with patent coupling for 
quick connection, has been used. Two tjq)e8 of such couplings are illus- 
trated in Fig. 172. Both rods are made of wood, the couplings being 
securely attached to cither end. 

An idea of the kit of tools required by a sewer cleaning gang is given 
by Pigs. 173 and 174, showing some of the tools used upon this work in 



Felton. 

Fio 172. — Couplings for 8<'wer rods. 

Providence, R. I., from photographs kmdly furnished by Allen Aldrich, 
Superintendent of Maintenance Dept. It will be noticed that most of 
the tools have been improvised for the work in hand, which will generally 
be found necessary, although there are a few stock articles, like cleaning 
rods and root cutters, which can be had from supply houses. 

A compilation of the number of miles of sewers and the cost of clean- 
ing them in the Borough of Manhattan was given in Municipal Journal^ 
vol. xxxviii, page 287, from which Table 73 was taken. It is inter- 
esting to note from a comparison of columns 2 and 3 of this table that 
there has been a very large increase in the proportion of the sewer 
systems cleaned. Prom 1886 to 1888 less than 5 per cent, of the sewers 
was cleaned, whereas in 1908 and 1909, between 40 and 50 per cent, of 
^e total mileage was cleaned. 






Fio, 174. — Providence sewer flushing equipment, 

(Joeing page 60S) 





Fio 175 —Motor truck for cleaning catch-basins, Pawtucket. 
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(Stetaiai ittdC^ ftf CitdMMi^u^MoBt of the oiibi k ^ 
pirovifM with oomhined sewers or storm drains have built Large numbers 
ol cateh^basinB for retaining heavy road detritus, so that it will not entw 
the sewefB and form deposits where the velocities of flow are relativdy 
low. The care given to these basins varies greatly in different cities. 
In some places they are examined at frequent intervals and are cleaned 
whenever the deposit has accumulated to such an extent that their 
mqmcity is so reduced that they will not be likely to provide ample storage 
for the sediment to be deposited from one or more subsequent storms. 
In other cities, catch-basins are cleaned only when they are practically 
full. Still other maintenance departments do not attempt to clean 
basins until they are reported as being stopped, a condition indicated by 
the pooling or ponding of water in the gutters at the inlets. 

Where catch-basins are cleaned only when they become stopped, or 
where the silt is allowed to accumulate in them to such a point that it 
will be carried over into the sewers, they become of little use, for the 
quantity of silt retained in them is usually only a very small proportion 
^ the quantity entering them, the larger portion being carried over into 
the sewers. On the other hand, basins so cared for are objectionable M 
furnishing pools of stagnant water and filth, causing the escape of offen* 
sive odors and causing pooling of water in the gutters at the inlets. 
Therrfore, it would seem preferable, if the basins are not to be property 
cared for, to remove them altogether and substitute for them inlets 
discharging all silt directly into the sewers. 

The quantity and character of material deposited in oatoh-basins 
varies according to the nature and slope of the surface of the street in 
which they are placed. Where the natural soil is of a sandy or gravelly 
nature, and slopes are steep and unpaved, large quantities of relativdiy 
clean sand and gravel are carried into the basin and are retained therem. 
Under similar conditions, if the soil is of a clayey nature, veiy little 
material may be deposited in the basin, as it settles so slowly that it 
is carried with the storm water through the basins into the sewers. 

Where streets are paved, the quantity of material that is washed into 
and retained in the basins is relatively small and consists larg^y of 
organic matter, which becomes quite offensive as it undergoes putre* 
faction. The sandy deposits are usually relatively free from odor, and 
when the water is bailed out of the basins, they can be ranoved without 
creating objectionable conditions. If, on the other hand, the basins are 
in pav^ streets, the material remaining after bailing out as much water 
as is praeticable is soft and offensive and cannot be thrown out on the 
sMrt without causing objectionable conditions. Where deposits of 
the former are to be removed and the basins are of proper sixe, the most 
praoti^ method is to have a man enter the biiln and throw the material 
out of it onto the surface of toe street For such work two men ihmdd 
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go together, one, the "bottom man," to do the work in the basin, the 
other to "bank off" the material thrown out and help load it into the 
cart. For economical work, several such crews should go together and 
be supervised by a foreman. Where three or more crews are working 
together, it will probably be wise to have two or more men precede the 
"bottom men,” bailing out the water and getting the basins ready for 
them. Some of the material to be removed from the basin is soft and 
contains much putrid organic matter. It cannot be thrown out onto the 
streets during the busy working hours of the day. It may, under some 
conditions, be so handled during the night time. In some cities, how- 
ever, it is found preferable to dip the material out of the basins with 
long dippers or pails, emptying it directly into carts. 

Where material is thrown out onto the surface of the street, or where 
the basins contain putrid organic matter, the street should be thoroughly 
washed down and the basins filled with clean water and a liberal quantity 
of disinfectant sprinkled about to reduce to a minimum the offensive 
conditions. 

At Pawtucket, R. I., the motor truck shown in Fig. 175 has been 
used in cleaning catch-basins. City Engineer Geo. A. Carpenter states 
that in 248 consecutive days in 1914, of which 208 were working days, 
the truck worked 113 days or 3071 hours. The four men employed 
with the truck are paid Sl.OCj per hour. During this time 821 of the 
1151 catch-basins in the city were cleaned, some of them more than once. 
The total number of cleanings was 950. The truck removed 1474.62 
cu. yd. of material, equivalent to 1.8 cu. yd. per basin cared for and 
1.55 cu. yd. per basin cleaned. The haul was 500 to 15,000 ft. The 
truck can carry 2.6 cu. yd. The cost of the work was as follows: 


Labor 

Gasoline 

Oil and grease 
Hydraulic oil. 

Tires 

Interest 

Depreciation . 


$ 1 , 144.63 

112.00 

14.70 

24.50 

188.72 

126.00 

136.00 


Total 


$ 1 , 746.55 


This amounts to $1,185 per cubic yard. The tire expense is figured 
on the basis of a set of rear tires annually and a set of front tires eveiy 
2 years. The interest charge is 4 per cent, on $4200 for 9 months. 
The aepreciation is on the basis of 10 full years of work. If there 
were enough basins to keep the truck busy all the time, the cost of clean- 
ing would be about $1,20 per cubic yard, Mr. Carpenter estimates. 

A marked advantage of the truck is its availability to respond in- 
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Btantly to emergency demands for catch-basin cleaning, and the work is 
done so easily that better cleaning results. ‘‘When a sudden and 
severe storm has visited the city,” Mr. Carpenter stated, “our catch- 
basins have been able to take the water at each inlet and it has not run 
5y plugged basins, as formerly, to reach low places which had no outlet, 
except through the sewers, with disastrous results. By assuring that 
the numerous inlets provided for storm water are kept clear and in 
working order, the capacity of the sewers has been increased, practically.” 

Much work is caused during the fall of the year l)y large quantities of 
leaves washed into the basins, in many cases causing clogging of the 
traps. This trouble will be reduced to a minimum by systematic, 
thorough cleaning of the streets during this time. While this involves 
some expense, it saves considerable cost caused by the accumulation of 
leaves in the catch-basins, and the net cost to the city may be no greater 
than if the leaves are allowed to be washed into the basins. 

Another fruitful source of trouble is the freezing of basins during the 
winter. Where basins are connected with combined sewers, the air in 
the latter is usually warm enough to prevent freezing except where basins 
are located in very exposed localities. Where connected with storm 
drains, however, the air in the drains is not warm enough to prevent 
freezing, and much trouble has been experienced from this cause in a 
number of the northern cities, in some of which the number of basins 
frozen has been so large as to warrant providing portable boilers for 
furnishing hot water, which is pumped under pressure through a small 
flexible pipe into the basins and into the traps for thawing the ice. Such 
thawing is usually followed by placing salt in the trap to prevent further 
freezing. This precaution, however, is only serviceable until there is 
further run-off from the streets, after which another application of salt 
is necessary. 

Basins containing large quantities of putrid or organic matter some- 
times become quite offensive between storms. In such cases they should 
be flushed from a hydrant, thus changing the water, although if there is 
a large accumulation in the basins it will be better to remove it, afterward 
filling the basins with clean water. 

Many different kinds of trajw have been built in catch-basins, several 
of which are illustrated in Volume I. In selecting a trap, it is well to 
bear in mind that water standing above the deposit in the basin must be 
bailed out and discharged either into the street gutter, carried to a 
neighboring manhole or basin, or poured into a trap in the basin being 
cleaned. The last method is by far the most economical and satis- 
factory, and a trap suitable for such use should be provided. 

The great quantity of detritus removed from the sewer systems of 
some cities is illustrated by data contained in Table 75, from a report 
of the Sewer Maintenance Department of Providence, for the year 

33 
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ending Sept. 30, 1913. At this time the population of Providence was 
about 236,000 and the total length of sewers was about 230 miles. 
During this year nearly 9000 catch-basins were cleaned and 18,233 cu. 
yd. of deposits were removed from them. A total of nearly 22,500 cu. 
yd. of deposit was removed from the trunk sewers and catch-basins. 
It is the practice to examine the basins once each month. 

The data given in Table 76 afford a good idea of the amount of work 
involved in caring for catch-basins in a hilly city of moderate size, having 
a large number of streets built of gravel or water-bound macadam. 
Worcester has had a fairly uniform rate of growth and the sewer system 



has increased in size accordingly. This is reflected in the gradual in- 
crease in number of catch-basins. It will be seen that in a general way 
the basins average two cleanings annually. This is not strictly correct, 
however, as some basins which retain very little deposit are not cleaned 
oftener than once a year and others, located on or at the foot of steep 
hills^es, require cleaning frequently, sometimes as often as after each 
severe storm. The quantity of deposit removed from the basins has 
varied from 4 to 8,5 cu. yd. for every basin in the system. The average 
quantity removed at each cleaning is approximately 3 cu. yd. The 
increase in cost of cleaning in recent years has resulted largely from the 
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increased distance the refuse must be hauled to find a suitable dumping 
ground. The refuse is shoveled out of the basins onto the surface of the 
street, which accounts in a measure for the lower cost per cubic yard for 
doing this work in Worcester than in some other cities. 

The effect of the length of haul on the number of loads per team per 
day and on the cost of team work in cleaning catch-basins is shown in 
the curves of Fig. 176, prepared from records of actual experience in 
Worcester, furnished by Matthew Gault, Superintendent of Sewers of 
that city. The records are based on an estimated average size of load 
of 1.2 cu. yd., weighing 3240 lb., and they cover a period of 87-1 /2 team- 
days. They are representative of all work of this kind done in that city 
about 1907. The silt was the detritus from ordinary water-bound 
macadam ; it was thrown out on the surface of the street by the bottom 
men and shoveled into ordinary tip carts. 


Table 76. — Number of Catch-basins Cleaned and Quantity op 
Deposit Removed at Worcester, Mass., 1902-1912 


Yeur 

Total number of 
cateh-ba»in8 in 
syntem 

Number of clean- 
ingH during year 

Deposit 1 removed 
per basin per year, 
cu yd 

Coat of cleaning 
per cubic yard 
deposit removed 

1902 

2520 


8 5 

$0.46 

1903 

2603 

5549 

7 9 

0.41 

1904 

2694 

5886 

8.0 

0 50 

1905 

2748 


7 5 

0 41 

1906 

2818 

4652 

6 5 

0 57 

1907 

2<K)2 

4804 

5 1 

0 81 

1908 

3014 

5053 

4 6 

0 81 

1909 

3138 

5142 

4 0 

0 81 

1910 

3251 

6094 

4.9 

0 74 

1911 1 

3322 

7035 

5.1 

0 69 

1912 j 

3413 

6783 

5.1 

0 85 


1 Tbo total number of bsfunti in 8y«t«m is used in computing this unit 


NnU —The minimum wage was |1.86 for 8 hours from 1902 to 1911 and |2 in 1012. The 
“bottom man,” however, was paid from f2.I0 to |2.25 per 8-hour day. Teams cost f5 per 
day. 

In Engineering and Contracting, March 23, 1910; there was published 
a table from the annual report for the year ending Dec. 31, 1909, of 
Edwin J. Fort, Chief Eng. of Sewers for the Borough of Brooklyn, 
giving data relating to the cleaning of catch-basins in that borough, 
which are reproduced in Table 77. 

Relatively dry, clean deposits may be hauled from the basins to the 
dump in an ordinary tip cart with high sides. Special care should be 
takeif to have the tail boards fit tightly so as to prevent the material 
from flowing through crevices and falling to the street. If the deposit 
is soft and wet, it is better to provide a tight cart with a cover, such as 
that shown in Fig. 177, of which several varieties of the same general 
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type are on the market. Such carta are difficult to handle on soft 
dumpe, where the wheels cut in, as th'^y settle down so far that the body 
is likely to touch the ground and prevent conveniei<t dumping. 


Table 77.— Catch-basin Cleanixo in Brooklyn, N. Y., 1905-1909 


Yew 

No of 
bMini 

No. ex- 
amined 

No. 

cleanoil 

Soil re- 
moved, 
cu, yd. 

Cost 

p«r 

basin 

Cost 

per 

aa yd. 

No. oleannd 
of snow 


9,257 

9,537 

9,979 

10,127 

10,285 

40,242 1 17,254 
49,768 2.5,386 
42,327 24,,389 
47,933 '30,693 
54,530 130,619 

i 

25,512 

33,423 

35,272 

44,476 

36,699 

1 

$1.79 

1 65 

1 63 
1.60 
1.54J 

$1.23 

1.25 

1 1.12 
' 1.10 
1.36 

14,376 

6,999 

9,674 

6,423 

5,615 



Fig. 177. — Covered tip-cart for catch-basin refuse. 


Table 7n.— Cost ok Cleaning Catch-basins in Akebican 
Cities, 1910 


Frequenpy of 

Cost per year 

Cost per cleaning 

Cost per cu.yd. 

No. of 
cities 

cleaning 

Max 

Min. 

Mean 

Max.|Min 

Mean 

Max. 

Min. 

Mean 

repre- 

sented 

When full, necessary. 




i 






or oflensivc 

SIO O0!S3.OO;S0.OO>$4 00 so. 26 tl . 74 

tl 00 

•1.08 

•1.34 

21 

After heavy rain 



. 



... 




7 

1-3 times per year . . 

3.36 

1.60 

2 16 

1 21 0 30 

0 09 



1.16 

14 

4-6 times per year. . . 
7-9 times per year . . . 

4 fiO 

3 36 

• • 

4 03 
1 34 

. I ... 

1 

0.40 



1.16 

. 

8 

4 

10-12 times per year. 
More than 12 times 

" 



i 




1 

6 

per year 

Total cities re- 
porting i 

13 90 

3.00 

8 16 



( 




7 

0S 


The results of an inquiry made by Municipal Engineering^ as to the 
practi^ of various cities in cleaning catch-basins, are shown in Table 
78; 66 cities reported. It will be seen that 21, or practically one-third 
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of the cities, clean the basins only when full or offensive. The average 
cost of cleaning per year varied from $1.34 to $8.15. 

Recently the city of Washington has established the custom of 
thoroughly flushing out the catch-basins at intervals of two weeks, and 
then of dosing the contents of the basin with mosquito oil during the 
breeding season. The area of the water surface in the catch-basins, of 
which there are 5000, is approximately 12 sq. ft. each, and the quantity 
of oil applied to each basin at a single oiling is approximately 1 gill. 
The average cost of 6ach treatment is said to be 6 cents, which of course 
does not include the cost of cleaning. The basins are regularly cleaned 
at intervals of four weeks throughout the year. 

Repairs. — The repairs required by a sewer system depend on its 
age and the amount of such work done from year to year. One of the 
most common repairs is the changing of elevations of manhole covers. 
Covers placed to conform to a macadamized street are soon found to 
project above the surface because the pavement has worn. It soon 
becomes necessary, therefore, to lower the covers and when the street 
has worn to such an extent that it has to be rebuilt, it again becomes 
necessary to change the manhole covers, tliis time raising them to 
conform to the new elevation of the street. The cover illustrated by 
Fig. 238, Volume I, is designed to meet these conditions as economically 
as possible. 

Catch-basins or inlets are frequently required before streets are paved 
or provided with sidewalks. When the streets are improved it is usually 
found that changes in grade and alignment require the alteration of the 
catch-basin inlets. While such changes and those affecting manhole 
covers must be paid for by the municipality, they form a fruitful source 
of contention between the different departments to determine which 
should more properly pay for the changes. Whatever decision may be 
reached in this matter, it is certain that the cost of such work should 
be carried as a separate item in the accounts. 

It will be found occasionally that brick and masonry sewers have be- 
come cracked or the inverts have become worn. Such minor repairs as 
are required to put the sewers into first-class condition should be made 
promptly. Little difficulty will be experienced in making repairs in the 
larger storm drains and in combined sewers. In the latter case, when 
the invert is to be repaired, the sewage must be dammed and carried 
over the section under repair in flumes or pipes. Diaphragm pump 
hose has often served for carrying sewage under such conditions and is 
pa^cularly well adapted for this work. 

The use of a cast lining for repairing the inverts of brick sewers at 
Hempstead, England, is described in the Surveyor for Aug. 16, 1912, 
The invert blocks wots 2 in. thick and 2 ft. long. They were built of 
reinforced concrete, lowered through the manhole and laid in cement. 
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A eorbel was placed on each side at the top of the invert and set into the 
original masonry. The offset formed by this corbel was smoothed badt 
with cement mortar. Fig. 178 shows a cross-section of a sewer repaired 
in this manner. 

Regulators and Inverted S^dions. — Where regulators are provided to 
control the flow of combined sewers into intercepters, they should be 
inspected at frequent intervals, preferably once each day, to mdce sure 
that they are in proper adjustment and in good working condition. The 
metal work should be carefully examined from time to time, worn parts 
removed, and if the parts are of iron they should be kept well painted 
with red lead and oil. 

It was formerly thought that inverted siphons required much attention 
and cleaning, but this has proved incorrect in most cases. Such struc- 
tures, however, should be examined at frequent intervals, preferably 





CroM Stctfon. Longitudinal Section. 

Fio 178.— Lining blocks for repairing sewer inverts. 


once each month, to make certain that they are in good condition, and if 
found to require cleaning or flushing they should be given prompt atten- 
tion. 

Records. — It is very desirable that records be systematically kept in 
accordance with a general plan so laid out as to present the data in most 
convenient form and most easily accessible. 

The form prepared by the Sanitary Section of the Boston Society 
of Civil Engineers for a Summary of Sewerage Statistics has been 
adopted in part by the Bureau of tie Census of the U. 8, Department 
of Commerce. It has also been adopted by a number of sewer depart- 
ments and the data printed in their annual reports. A committM of 
the Sanitary Section of the Boston Society of Civil Engineers cominled 
data in accordance with this summary and presented reports, published 
in the Journal qf the AeeociaUon of Engineering Societietf vole, xl and 
xliL ^ copy of the blank form, '^Summary of Sewerage Statistios/’ 
mnilting the portions relating to the details of sewage treatment, u 
given on pages 518 to 521 inclusive. 
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SUMMARY OF SEWERAGE STATISTICS 

(In form recommended by Sanitary Section of Boston Society of Civil 
Engineers) 

For the yeer eading ,19 

(City or Town.) (State.) 

Is this form used in preparing the annual report of your department? 

(Name, offirm! title and address of person furnishing information) 

General 

Population by census of 19 . 

Total area of city or town square miles 

Area served by sewerage system , “ “ 

[ For sewage only miles 

Collection System j For sewage and surface water miles 

[ For surface water only miles 

Method of disposal 


Collection 

MAINS (everything BUT HOUSE AND CATCH-BASIN CONNECTIONS) 

For sewage For sewage and For surface 

only surface water water only 

1. Linear feet stone 

2. “ brick . . 

3. “ “ concrete. 

4- “ pipe 

6. “ “ extended during year 

6. Number of inverted siphons 

7. “ “ manholes 

8. Method of flushing 


• • •♦ 

9. Method of cleaning 
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CoUectioii."~C(mh*nued 

For lewace For MVftfe and For auiiao* 
only Burfnoe water water only 

10. Number of automatic flushing 

tanks 

11. Number of direct connections 

with water mains for flushing 

12. Number of flushings of entire 

system during year . . 

13. Cost of flushing per mile 

14. Number of miles cleaned 

15. Cost of cleaning per mile 

16. Number of stoppages 

17. Miles of permanent underdrains 

18. NumW of storm overflows . . 

19. Method of ventilation . . 

20. Cost of maintaining sewer sys- 
tem exclusive of disptisal works 
(including cost of flushing and 
cleaning st'wers; cost of cl<‘aning 
catch-basins; administration 
and unclassifienl expense) ... 

HOUSE CONNECTIONS 

21. By whom made . 

22. Sizes . . ... 

23. Number made during year . 

24. Linear feet laid during year 

25. Linear feet discontinued during 

year 

26. Total miles in use 

27. Average cost per ft., connec- 
tions made during year. . . . 

28. Number of stoppages coming to 

attention of department . 

CATCH-BASINS 

29. Number 

30. Number cleaned 

31. Av. amount material removed per catch- 

basin 

32. Cost of removing material per cubic yard 

33. “ “ catch-basin per 

year 
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Discharge of Sewage 

84. Estimated population using sewer system 

36. Number of buildings connected 

Average Maximum Minimum 

(gallomi) (gallona) (gailona) 

36. Daily discharge for year 

37. “ “ “ each user 

38. “ quantity of factory waste 

39. “ leakage into sewers 

40. “ “ per mile of sewer 

41. Are quantities given under 36 and 3H estimated or measured? 


42. Description of plants 


Pumping 


43. Description of fuels or power used : — 

A. Coal. 

(a) Kind 

(h) Brand 

(c) Av. cost per gross ton 

delivered $ 

(d) Percentage of ash 

B. Fuel jot internal combustion engines. 

(e) Kind and grade 

(/) Av. cost I 

C. Electricity. 

is) Av. cost per kw. hr. . . . I 

44. Amount of fuel or power consumed for the year. . . 


46. Total pumpage for year allowance for slip gals. 

46. Av. static head against which pump works ft. 

47. Av. dynamic head against which pump works ft. 


48, No, of gallons raised one foot per unit of fuel or power 

49. ^Co8t of pumping figured on pumping station expenses per million gallons 

raised one foot (dynamic), not including fixed charges . I 

60. Describe screens 
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Fiatiid*! 

CON8TBUCTION 

Receipt* Bifpendituree 

86. Balance of previous 93. Collection works: 

yeer $ (a) mains $ 

87. Bonds issued (6) house conneo- 

88. Appropriation tions 

89. Assessments 94. Disposal and purifi- 

90. House connections cation works 

91. Other sources . . . 96. Balance 

92. Total, $ 96. Total, I . ...... 

MAINTENANCE AND OPERATION 

Receipt* Expendiluree 

97. Balance of previous 103. Administration . . $ 

year $ 104, Repairs* 

98. Appropriation 105. Cleaning sewers 

99. Assessments 106. “ catch-basins 

100. Rentals 107. Flushing sewers 

101. Other sources . 108. Pumping 


109. Disposal or purifica- 
tion* 

110. Unclassified ex- 
penses* 

111. Balance 

102. Total, $ 112. Total, I 

113. Interest on bonds . 

114. Sinking fund . . . 

GENERAL 

115. Total cost of collecting mains $ 


116. “ “ 

" pumping system 

117. “ “ 

disposal works . 

118. “ “ 

“works to date. 


119. Bonded debt at date 

120. Value of sinking fund at date 

121. Average rate of interest on bonds per cent. 

122. Proportion of cost of system assessed on abutters . . , 

123. Yearly assessment for maintenance 

124. Method of assessing abutters and rate of assessment , 


> laeliidifiC payment for nwintoaaneo td Joint diopoool works. 
*8tat« whst “Ropsirs" sad ‘'Uaclassift^ espeiwes" lacludo. 
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While it is not to be expected that all sewer departments will incorpo- 
rate this summary of sewerage statistics into their annual reports, it 
is very desirable that they begin, if possible, to keep their records in 
such form that they will provide the data required for this summary, 
particularly in view of the fact that the information is called for by the 
Bureau of the Census. 

Cost of Operation and Maintenance of Sewerage Systems. — The 

cost of operation and maintenance of a sewerage system will depend 
upon its extent, age, the number of special features such as catch-basins, 
inverted siphons, automatic regulators, tide gates and pumping stations; 
the character of design and construction; the topography, character of 
soil and extent of development of the community; the attention given 
to the care of the works; the degree of efficiency of the several features 
of the system; and the efficiency of the operating and maintenance 
organization. 

It should not cost much to maintain a sewer if it is allowed to go com- 
pletely out of use, as has been the case in some instances known to the 
authors. One such instance was an intercepting sewer which had been 
allowed to become partly filled with detritus. Finally a hole was broken 
in it near its upper end. The sewage was collected from about one-half 
the city and allowed to find its way against the grade of the intercepter, 
out at the upper end into the river, and then finally flow downstream 
past the city, a condition which the intercepter, built at an expense of 
over $160,000 was intended to prevent. 

The most complete records of maintenance with which the authors 
are familiar, covering a long period of years, have been printed in the 
reports of the Superintendent of Sewers of Worcester, Mass., and the 
data from this source in Table 79 cover the period from 1877 to 1912 
inclusive. It is not practicable to give sufficient information about the 
Worcester sewerage system to enable the reader to understand in detail 
the meaning of these expenditures, but a few notes may enable him to 
use the data as a guide in preparing similar statistics and to make 
rough but helpful comparisons. 

This system was originally built upon the combined plan without 
pumping stations and discharged at numerous points into Mill Brook, 
a creek of about 3,000,000 gal. daily dry-weather flow, largely drawn 
from storage. The general topography is moderately rugged, ^though 
slopes in excess of 5 per cent, are rare and there are many lines of sewers 
laid on flat grades. The soil varies in character in different parts of the 
city^ including sand, gravel, loam, and hardpan. In 1912 there were 
23.M miles of j>aved streets, 76.38 miles of water-bound macadam, and 
113.97 miles of natural earth or gravel streets, making a total of 213.89 
miles. There were 213.09 miles of sewers and storm drains. About 
1890 the city began the construction of separate sewers and storm 
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drains in certain portions of the city, continuing the construction of 
combined sewers in others. In 1897 work was begun on intercepting 
sewers and the paralleling of combined sewers with separate sewers in 
a large area comprising about one-third of the sewered portion of the city. 
At the close of the year 1912 there were 13 inverted siphons, 32 auto- 
matic regulators, 3413 catch-basins and 7528 manholes. The lengths 
of sewers and drains were: 

Separate sewers 93.320 miles 

Combined sewers 66 053 miles 

Storm drains 63 714 miles 

Total 213.087 miles 

There are now four small pumping stations, two using centrifugal pumps 
and two Shone ejectors. 

The cost of maintenance of the sewer system for each year from 1877 
to 1912 inclusive covers the cost of cleaning sewers, catch-basins, in- 
verted siphons and regulators, of keeping the entire system in repair, 
of readjusting manholes and catch-basins to conform to lines and grades 
of streets as required by construction and reconstruction by street 
department, of operation of pumping stations, regulators, etc. The 
system of accounts has been so kept for about 15 years that the Sewer 
Maintenance Department has borne its proper portion of the main 
office and overhead charges. The repairs to sewers, when in the nature 
of upkeep, appear in the maintenance account but when reconstruction 
is necessary it is charged to construction. 

At the end of 1912 the books showed the cost of the system to be 
$5,400,791.21 equivalent to about $25,350 per mile.^ The maintenance 
cost, including pumping, for that year was $29,744.78, equivalent to 
to 0,55 per cent, upon the book value. If the cost of pumping and 
alterations due to clianges made by street department and a small 
sum paid in damages are omitted, the true maintenance cost, i.e., 
for repairs and cleaning, would become $22,002.57 equivalent to 0.4 
per cent, of the book value. 

The annual sums expended upon strictly maintenance work from 1902 
to 1912 inclusive are given in Table 80, from which it will be seen that the 
cleaning of catch-basins is by far the largest item. 

To arrive at a clear conception of the meaning of these expenditures, 
they have been reduced to units of cost per mile of sewers and drains, 
per catch-basin and per regulator, Table 81. With the increase in 
the proportion of separate sewers, there has been a reduction of cost of 
cleaning, because the removal of sand and road detritus is only necessary 
from the combined sewers and storm drains, the separate sewers simply 

* Incloding the oonetruotioe of • etooe nuMoniy oondoit for MiUbrook, the tower porUoa 
of which ie 13 X 18 ft. 
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requirmg flushing. As only a very few miles of sewers require cleaning, 
these costs, if reduced to units per mile of sewer actually cleaned, would 
be very high. The cost of cleaning catch-basins is largely dependent 
upon the distance the refuse must be hauled for disposal, which in the 
larger cities is likely to gradually increase as the natural dumps become 
filled. It should be noted that the cost of catch-basin cleaning has 


Table 79 . — Total and Unit Costs of Maintenance and Operation 
OF Sewerage System at Worcester, Mass., 1877-1912 







MAINTENANCE OF SEWERAGE SYSTEMS $25 


Tabia 80. — Itomisbd Total Costs of Rbpaibs, Cbakgss, Clbahino 
SswBRs, Cleanino CatcH'Basins and Maintaining Automatic 
Regulators at Worcester, Mass., 1002-1012 


Year 

Repairs of 
•ewers, 
catoh- 
basins, 
manholes 
find other 
structures 

Changea> 

in 

manholes 
and catch- 
basins 

Cleaning 

•ewers 

Cleaning 

eatoh- 

basins 

Main- 

taining 

regulators 

Total 

1902 

$4,879 



$7,356 

$12,146 

$ 130 

$24"^ 

1903 

6,365 


9,019 

8,414 

41 

22,829 

1904 

4,646 

1,110 

6,802 

10,845 

1,162 

24,565 

1905 

5,917 

876 

5,754 

8,390 

i 1,718 

22,655 

1906 

5,634 

1,122 

6,391 

10,360 

! 2,407 

25,914 

1907 

4,553 

700 

6,478 

11,908 

2,480 

26, U7 

1908 

4,142 

558 

5,306 

11,118 

3,188 

24,312 

1909 

3,995 

1,047 

6,007 

*10,101 

2,062 

23,212 

1910 

660 

3,533 

4,535 

*11,527 

1,988 

22,243 

1911 

2,040 

1,918 

4,533 

*12,334 

1,729 1 

22,554 

1912 

1,366 

1,161 

3,899 

*14,829 

1,909^ 

23,164 


* Changes due iu alteratiunH in street lines and grades by street department, 
s Includes costs of freeing traps — 1104, 1405, 1604 and 11603 for years 1900 to 1013, 
respectively. 


Table 81. — Itemized Unit Costs of Repairs, Cleanino Sewer* 
Cleaning Catch-basins and Maintaining Automatic Regulators 
AT Worcester, Mass., 1902-1912 


Year 

Repairs of sewers, 
cntoh-basins, man- 
holes and other 
structures per 
mile of system 

Cleaning sewers 
per mile of 
system 

Cleaning 
catch-basins 
per basin > 

Maintaining 
regulators 
per regulator 

1902 

$30 

$45 

$4.81 

$4.06 

1903 

32 

54 

3.23 

1.28 

1904 

27 

39 

4.03 

36.31 

1905 

33 

33 

3.06 

53.69 

1906 

31 

36 

3.68 

75.22 

1907 

25 

35 

4.10 

77.50 

1908 

22 

28 

3.69 

09.62 

1909 

21 

31 

3.22 

64.44 

1910 

3 

23 

3,55 

62.13 

1911 

10 

22 

8.71 

54.03 

1912 

6 

18 

4 35 

59.66 


1 Based on whole number of basins and not on number actually elsaaed. 


ranged from 83.06 to $4.81 per basin per year. While these costs are 
greater than they would be in cities where grades are less steep and the 
soil of such a nature that it will not be retained to so great an extent 
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in the catch-basins, nevertheless the probable cost of such cleaning is 
one of the things which should be carefully considered before deciding 
whether to put in catch-basins or direct inlets. In some cases it may 
even be wdse to take out existing basins. 

From the footnote to Table 80 it will be seen that the cost of keeping 
catch-basin traps free from obstruction, largely icp, is considerable. 

The cost of cleaning catch-basins per cubic yard of material removed 
from 1909 to 1912 ranged from $0.70 to $0.80, exclusive of cost of freeing 
traps. The average annual cost of cleaning the sewers, per cubic yard 
of material removed, during the last ten years has ranged from about 
$4 to nearly $10, the range in cost of cleaning individual sewers being 
much greater, however. It is evident that it is much less expensive to 
remove material from the catch-basins than from the sewers. Similarly, 
It will be found far le.s8 expensive to remove sand and detritus from the 
street gutters than from the l>asins. Therefore in places where detritus 
will settle and accumulate in sewers, it may be economical to use catch- 
basins and it will be economical to make every effort to keep the streets 
clean that the quantity of detritus to be removed from basins and sewers 
may be reduced to a minimum. Catch-basins should be put in only 
as a result of careful and intelligent consideration of all local conditions. 



CHAPTER XIX 


EXPLOSIONS m SEWERS 

Explosions in sewers, which occurred at rare intervals for many 
years, have recently become common occurrences. The disastrous 
results of some of them and an appreciation of the serious character of 
this source of danger is leading to much study of their causes and methods 
of preventing them. 

Sources of Inflammable Gases and ExplosionB.~Many explosions 
have occurred in sewers, due to the ignition of explosive mixtures of 
air with illuminating gas, naphtha vapor or possibly other gases. Illu- 
minating gas leaking from a defective main may find its way through the 
ground and into a sewer in sufficient quantity to cause an explosive 
mixture. Most sewer maintenance superintendents have had experi- 
ences of this kind, although probably in relatively few have there been 
explosions. It is not always easy to find the source of such gas, as it 
may travel a considerable distance from the point where it enters the 
sewer to the place where it is detected. During recent years trouble 
has frequently resulted from the discharge of gasoline into sewers, 
largely from automobile garages. Gasoline vapor is considerably heavier 
than air and therefore is not always readily distinguished by odor 
when the observation is made from the top of the manhole. This 
new source of danger has necessitated ordinances preventing the dis- 
charge of gasoline into sewers and requiring lighting appliances for the 
use of inspectors and laborers while working within the sewers. 

An explosive mixture may result from the decomjwsition of the 
organic matter in the deposits. By such decomposition marsh gas, 
or methane, may be produced in considerable quantities, and if there is 
not an adequate circulation of air to provide ventilation, it is conceivable 
that the proportion of this gas to the oxygen in the air in the sewer may 
be sufficient to provide an explosive mixture. While it must be ac- 
knowledged that this is a possibility in a few badly ventilated sewers 
in which extensive deposits of organic matter are present, experience 
leads to the conclusion that this can be the cause of explosions in very 
few cases. 

In a paper entitled “The Discharge of Inflammable Wastes into 
Sewerage Systems and the Problem of Prevention," by N. S. Sprague, 
Superintendent of the Bureau of Construction, Department of Public 
Works, Pittsbui^, presented to the annual convention in 1914 of tlie 

627 


34 



528 


AMERICAN SEWERAGE PRACTICE 


American Society 0 / Municipal Improvements, he points out a poflw- 
bility of the leakage of gasoline from storage tanks which are placed 
underground, usually pursuant to requirements of municipal ordinances; 
this gasoline may find its way into sewers. Furthermore these tanks 
are often laid directly on the ground and covered with earth, under 
which circumstances erosion, breakage of joints and even electrolytic 
action may result in leakage. 

Waste inflammable liquors are discharged in small quantities from 
many households, private garages, stores and shops, but the greater 
danger probably arises from the discharge of much larger quantities of 
such liquids from public garages, dry-cleaning establishments, paint 
works, oil refineries, gas works and other industrial establishments. 
Mr. Sprague points out that prior to the use of motor vehicles there 
were many industrial and business establishments using inflammable 
and volatile wastes, such as dry-cleaning shops, paint manufactories 
and gas works, and that notwithstanding this fact, explosions in 
sewers caused by the ignition of gasoline or other similar vapors were 
uncommon. This fact, he concludes, would seem to indicate that the 
great increase in the use of gasoline due to the rapidly increasing num- 
bers of motor vehicles has been responsible for many of the recent 
sewer explosions, a conclusion in which most, if not all, recent investi- 
gators of this problem appear to concur. 

Summarizing the investigations which have been made, it appears 
that explosive mixtures in sewers are most likely to be caused by inflam- 
mable liquids, of which gasoline is a type and the one most commonly en- 
countered; that natural or artificial gas imdoubtedly has been a cause of 
some explosions; and that in rare instances marsh gas, or other similar 
gas, may be generated in the organic deposits in sewers in sufficient 
quantities to produce explosive mixtures under certain conditions. 

Pittsburg Explosion. — On Nov. 25, 1913, probably the most disas- 
trous sewer explosion up to that time occurred in Pittsburg. A detailed 
account of this accident was printed in Engineering News, Jan. 1, 
1914. In this case the main trunk combined sewer serving a population 
of 50,000 and varying in diameter from 8 to 10 ft. was disrupted, more 
or less completely, for a distance of 5300 ft. The damage included the 
destruction of brickwork and manholes, breaking of windows in factories, 
caving in of streets, and damage to laterals leading to the main sewer 
at many points. At the time of the explosion the outlet, which was 
nearby, was submerged to within 1~1 /2 ft. of the top. It is estimated 
that^OO per cent, of the public garages of the city are located within 
the tributary area of this sewer as well as a number of dry-cleaning 
establishments and paint manufactories. This explosion cost the city 
down to October, 1914, about $300,000, which may be increased by 
decisions in possible damage suits. A second but less disastrous ex- 
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ploeion occurred in this sewer on July 28, 1914. That this expiosion 
was caused by ignition of a mixture of air and gasoline vapor seems 
well established, for on the day it occurred city employees were working 
in the sewer, and, when a strong odor of gasoline was noticed were 
ordered out of the sewer only 15 minutes before the explosion occurred 
(En{f. Record^ Aug. 8, 1914). 

New York Explosions. — A series of spectacular explosions in New 
York on Oct. 7, 1909, was described by A. A. Breneman in En^nsennp 
NewSf Dec. 2, 1909. At 4.40 P. M. there was a violent explosion 
in the sewer at 48th St. and 10th Ave. A few seconds later, there was 
an explosion considerably farther south in 10th Ave., following which 
there was a series of explosions, some running continuously for distances 
along 10th Ave. or the intersecting side streets, and some separated 
by considerable intervals of time. Roughly, the explosions are said 
to have affected an area more than a half mile square and probably 
lifted over a hundred heavy iron covers. 

Upon investigation Mr. Breneman reached the conclusion that illu- 
minating gas did not cause these explosions. In discussing the proba- 
bility of vapors from volatile liquids as the cause, he stated that there 
were many garages in the region adjacent to the explosion area, and while 
at each garage more or less gasoline was stored in tanks in such a way 
as to prevent any leakage from them into the sewers, gasoline was used 
extensively in washing machinery about the vehicles, for dissolving 
heavy oils adhering to them, and for washing the hands of hundreds of 
employees. It was also used where heavy oils had to be removed from 
floors or other parts of the building. The difficulty of disposing of this 
impure gasoline except by way of the street gutters or sewers was 
obvious. About one week after the explosion an inspection of the sewers 
in which the accident occurred disclosed the odor of gasoline in all but 
one of the manholes opened. During these explosions in all cases the 
burst of flame from the manhole was followed by dense black smoke, 
indi eating a volatile oil, because such smoke would not be produced by 
mixtures of illuminating gas and air. The conclusion, therefore, 
seemed to be justified that these explosions were due to gasoline vapor. 

Another explosion occurred in a sewer on Sept. 21, 1914, being 
the third in that viemity within a year. This explosion appears to 
have been caused by the ignition of an explosive gas within the sewer 
by sparks from the underground conduit of the street railway on 42nd 
Street. This conduit, carrying the electric conductor, is connected 
to the sewer by drains, and it is through these openings that the ex- 
plosive gases are assumed to have made their way into the conduit, 
in which they are thought to have been ignited by electric sparks 
from the conductor in the conduit, from which the cars obtain their 
current. 
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New Haven Eiplosions and Investigations.~H. J. Kellogg, Aasiatant 
City Engineer, New Haven, Conn., carried on investigations for about 
a year to determine the causes of, and to find means for preventing, 
explosions in sewers. He reported some of the results of these inves- 
tigations in a paper abstracted in Engineering and Contracting^ vol. xli, 
page 250, from which the following notes and comments are taken: 

In 1886 there was an explosion in a New Haven sewer 60 in. in diameter. 
The arch was thrown completely off for about 100 ft. No one knows what 
combustible wrought the destruction, nor how it was ignited. No one was 
injured. About 1894 a 54-in. circular brick sewer was being cleaned by 
four men when an explosion occurred. The men escaped with difficulty, 
two of them being disabled for six months or more. The cause of the 
explosion appears to have been illuminating gas ignited by lanterns which 
the men carried. In 1913 a 42-in. egg-shaped brick sewer in New Haven was 
being cleaned when an explosion occurred, burning the men about their 
hands and faces. The cau.se of this explosion does not appear to have been 
definitely ascertained, altliough a slight odor of gasoline was noticed before 
the men entered the sewer. If ga.soIine was the cause of the explosion it 
probably came from a manufacturing plant, the drain from which entered 
the sewer close to the point at which the explosion occurred. Very small 
quantities of gasoline were used at this plant. 

At Philadelphia an explosion in which several men were injured was 
attributed to gasoline vapor. Mr. Kellogg quoted from a letter from 
George S. Webster, Chief Eng., Bureau of Sewers, as follows: 

*‘A suspicious smell was noticed upon opening a sewer manhole, and a 
blazing paper thrown in resulted in a column of flame, about 40 ft. in height, 
due to gasoline from a nearby factory.'' 

Two men were killed in a Philadelphia sewer explosion about 1912. The 
cause is said to have been illuminating gas from a leaky main which ran 
parallel to the sewer. At a later date a man was burned by an explosion 
resulting from gasoline discharged from a dry cleaning shop. 

Explosions in sewers were reported from Providence, R. I., Buffalo, 

N. Y., Washington, D. C., Fall River, Mass., Detroit, Mich., Brooklyn, N.Y., 
Cleveland, 0., Worcester, Mass., St. Paul, Minn., Kansas City, Mo., 
Duluth, Minn., Los Angeles, Cal., Savannah, Ga., Baltimore, Md., Hart- 
ford, Conn., New Haven, Conn., Pittsburg, Pa., San Francisco, Cal., 
Louisville, Ky., and Charleston, 8. C. 

The cause of explosion in a majority of these places was reported as 
illuminating gas. 

George H. Norton, Deputy Engineer Commissioner, Buffalo, N. Y., 
de8#ibed a new gas found in sewers as follows: 

“ It may be interesting to know that for three years past at periods fpllow- 
ing thawing weather, after frost and heavy snow, we have had serious 
oomplaint from gas odor in some of our sewtea. This has been traced down 
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and found to due to the use, by the railroads, of what is called a hydro- 
carbon oil, which is used by them to prevent freesing of their switches and 
interlocking plants in their passenger station yards, and ^t other congested 
points. An exammation was made by the city chemist and he reports that 
at low temperatiTO this oil will crystallise, that such crystals are soluble in 
water, and for this reason he thinks that the odors or gases have passed the 
ordinary vent sewer trap. The gases arising from this oil are, apparently, 
highly explosive and could readily be the cause of a serious explosion. Tliis 
oil is a by-product from the Pintsch gas product used for car lighting.” 

Roscoe M. Clark, City Engineer of Hartford, Conn., gave the fol- 
lowing information: 

“I have no recollection of any explosions in the sewers previous to 1913, 
In 1913 we had two serious explosions in the Park River intercepter. The 
first, occurring in January, lifted one manhole head and threw several covers 
in the air, and also shattered windows in adjoining houses. The sec/ond 
occurred in May when the East side Pumping Station and its connection 
with the Park River intercepting sewer were in process of construction. The 
most damage was done to the station and adjoining houses. Both of the 
explosions took place in the vicinity of the works of the Hartford City Gas 
Light Company. Suits brought by property owners and the contractor 
for the pumping station are now pending in court.” 

Robert Adamson, Fire Commissioner of the Borough of Manhattan, 
New York City, reported that there were eleven sewer explosions 
between June 5, 1912, and the date of his letter, probably about a year 
later. He stated that the probable causes of explosion in New York 
are gasoline, illuminating gas, and calcium carbide. He stated further 
that prior to the regulation requiring the installation of oil separators 
in garages, the majority of sewer explosions was limited to what is known 
as the “garage zone.^' Since their installation the number of explo- 
sions has been greatly reduced. The following quotation is from Mr. 
Adamson’s letter; 

“The illuminating gas enters the sewer from ruptured, corroded or broken 
gas mains, or from leaky joints, and when mixed in the proper proportions 
with air forms an explosive mixture. Calcium carbide, which is used in 
garages for generating lights, may be thrown into the sewer and when in 
contact with water generates acetylene gas, which is an intense explosive 
and is further auto-combustible, so that in many instances it may be ignited 
by its own heat generated in evolving the acetylene. Tlie vapors of gasoline 
and illuminating gas require an open flame to ignite them, but whether this 
occurs in sewers it is impossible to tell. In vaults and in conduits the igniting 
spark is furnished in a number of cases by electrical apparatus, such as 
switchboards, sump pumps, short circuiting, etc. Some relation exists 
betwera sewer explosions and flooding of the sewers, and further when the 
sewers become tidebound these explosions are more frequent, such as follow- 
ing an unusual shower of heavy rain or a fall snow or thawing of ioe. 
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Thifl causes a condensation of the gases within the sewer. There are no 
casualties on record resulting from these explosions but considerable damage 
to property often occurs. In relation to places where oil is stored, the oil 
separator is the only method at present under the regulations of preventing 
volatile inflammable oil from discharging into the sewer.” 

Mr. Kellogg stated that one volume of gasoline oil produces 141 equal 
volumes of gas or vapor, as figured by Prof. A. L. Dean, who gave as the 
computed best mixture for complete combustion; 1 part of gas to 62-1/2 
parts of air. In gas engines, especially in automobile driving, an excess of 
air is said to give better practical results. The following figures lead up 
to a knowledge of the amount of gas likely to be in a sewer from a given 
amount of oil: 1 gal. gasoline gives 141 gal. of gas; 141 gal. gas equals about 
18.8 cu. ft. of gas; 18.8 cu. ft. of gas with 1175 cu. ft. of air, best explosive 
mixture. There is a broad variation in the proportions of this gas and air 
that will form combustible mixtures. Now allowing 8 cu. ft. as the available 
space for 1 lin. ft. of a 42-m. sewer in New Haven, 1 gal. of gasoline could 
have furnished a prime mixture for about 150 lin. ft. of that sewer. A leaner 
but still dangerous mixture might more than double the danger aone. 
Although the rate of flow in the sewer, the time it would take to vaporize 
the oil, the draft in the sewer and perhaps other factors, complicate the prob- 
lem, the above figures show that a comparatively small quantity of gasoline 
is capable of making trouble. Mr. Kellogg also stated that about 1 part of 
illuminating gas to about 7 parts of air is computed to be the best mixture 
for complete explosive combustion. 

Boston Explosion. — A fatal explosion occurred on June 1, 1914, at 
the Chelsea Street pumping station of the sewerage system of the 
Metropolitan Water and Sewerage Board, Boston, Mass. This explo- 
sion occurred in the screen house which adjoins the pumping station. 
The screen house was wrecked, the brick walls being blown out and the 
reinforced concrete and tile roof being blown to pieces. The pumping 
station was badly damaged and three of the four pumps were seriously 
injui'ed. The explosion caused the death of six men and the serious 
injury of three others. Early estimates placed the property damage 
at about $50,000. The explosion is said to have been caused by gaso- 
line vapor which it has been suggested may have been present in greater 
quantity than U8\ial because of the large amount of work done in auto- 
mobile garages during Memorial Day and Sunday, the two days preceding 
the explosion. (Engineering News, June 4, 1914.) 

Behavior of GasoUne in Sewers. — A study of gasoline explosions 
in sewers was made in August, 1914, for the consulting engineer of the 
Bqiough of Manhattan, £. P. Goodrich, by 0. Hufeland, assistant 
engineer in the sewerage division of the Borough. A review of all of 
the available evidence led to the conclusion that one volume of gasoline 
will produce from 141 to 171 volumes of vapor. This vapor begins to 
fonn an explosive compound with air whtti the mixture contains 1.2 
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per oent. of vapor, or perhaps a little less. In such a mixture a flame will 
apparently just travel along. With a 1.5 per cent, mixture the flame 
travels much more rapidly and burns brightly. With 2 per oent. of 
vapor, the movement becomes so fast that the combustion will be explo- 
sive and this increases until the amount of vapor in the mixture is about 
2.6 per cent. The violence of the explosion decreases as the amount 
of vapor increases, and when about 6 per cent, of vapor is present, 
the mixture apparently burns quietly and there is little danger of an 
explosion. No record of spontaneous combustion has been found, 
but very slight sparks wiU cause an explosion of mixtures containing 
certain proportions of vapor. For instance, investigations of alleged 
spontaneous explosions in dry cleaning establishments have shown 
that the spark was caused by the friction of the materials in the tank of 
gasoline. One example of this occurred when the materials in the tiink 
were wool and silk, and another instance when leather was being 
treated. The addition of a little soap to the gasoline removed the 
danger apparently. 

The only instances of serious destruction of sewers, caused by explo- 
sions of this nature, which Mr. Hufeland could find, were in Manhattan 
in 1906, and in Pittsburg in 1913, already described in this chapter. 

Sewer explosions generally consist of a series of upheavals of manhole 
covers, which are blown out with measurable periods of time between 
the explosions at successive points. An explanation of this condition 
is that the vapor does not collect in large amounts at any one point 
and that when it is ignited its explosive force is slight and the flame fol- 
lows along the course of the sewer, without doing much damage. 

The gasoline vapor is heavier than air and accordingly tends to 
accumulate over the surface of the flowing sewage. Its weight will 
also tend to make it flow downward with the sewage, toward lower 
levels, and if these are outlets, the vapor will escape into the open 
air there, provided the outlets are not trapped by the rise of tide or 
some equivalent. An element of danger is introduced into such a 
condition by the possible presence of illuminating gas. This tends to 
rise, and if present in a quantity making a combustible mixture with 
the air in a sewer, it might lead a flame, if it were ignited, back to the 
explosive mixture of gasoline vapor and air. It is also suggested that 
methane might have some influence on such explosions. Mr. Hufe- 
land reports that it is rather frequently found in Manhattan in small 
quantities in pockets in which se^ent has decomposed, which when 
stirred up by a passing workman gives off gas that has occasionally 
flashed up and singed the hair and eyebrows of the man, although 
no serious injury is known to have resulted from this cause. 

The extent of the danger of gasoline in sewers is indicated by the 
fact that between 2500 and 3000 garages are estimated to be b use 
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in New York and a large number of cleaning establishments. In 47 
garages, within a total of 307 working days, the oil separators which 
are required to be used yielded 70-1/4 barrels of a mixture of heavy oil, 
kerosene and gasoline. A test of 3000 gallons of such collected material 
showed that it contained 40 per cent, of gasoline. In another case 
250 barrels of such a mixture were collected from 50 garages between 
May 2 and July 18, 1913, and 43 barrels were collected from a large 
taxicab garage between May 2 and July 16. No information could be 
obtained concerning the amount of waste gasoline from dry cleaning 
establishments. A very large number of the garages are in rather re- 
stricted districts, so that the quantity of this waste there is large. In 
spite of drastic regulations prohibiting the discharge of this refuse into 
the sewers, and the existence of companies which buy the wastes to 
refine them, the explosions are continuing, although with less frequency. 
The sense of smell also shows that much gasoline still reaches the sewers. 
It is Mr. Huf eland's opinion that the existing regulations would 
absolutely prevent such explosions if they were enforced. He was 
unable to find any field test of the presence of gasoline which was simple 
enough to be put into the hands of sewer workmen, and he advised 
restricting the work of sewer exploration in districts where danger from 
gasoline exits to men who have a thorough knowledge of the subject 
and will obey and enforce the precautions which experience indicates 
to be necessary. 

Causes of Ignition. — Doubtless explosive mixtures of gas are present 
in sewers a great many times when no explosions occur. Two condi- 
tions are necessary to create an explosion, the presence of an explosive 
mixture of gases and the ignition of these gases. Until within the last 
20 years probably most of the explosions were set off by the use 
of free flames for lighting purposes by men employed in inspecting or 
cleaning sewers. Since the advent of electric traction and lighting, 
the electric spark is more likely to be the cause of ignition than it was 
in earlier years. In many cases the sparks are above the surface of the 
street, and there is but a remote possibility of their causing the ignition 
of gases in sewers, although if they are generated close to manhole or 
inlet covers there is a possibility of ignition from them. In other cases 
the sparks are generated in underground conduits, as is thought to have 
been the case when the explosion took place in New York on September 
21, 1914. There are many other opportunities for the ignition of gases 
in sewers, such as by lighted matches thrown or dropped into manholes 
or #ilets, cinders and sparks from fire engines, locomotives and heating 
kettles, and possibly from spontaneous combustion by phosphine gas, 
as suggested by Prof. W. P. Mason in connection with the explosion of 
one of the Saratoga septic tanks. (Jour. New England Water Worke 
Assoc*, 1907, p. 23.) 
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Preventioii of Eiplosions. — ^How to prevent explosions in sewers 
appears to be one of the most important and perplexing problems before 
sewerage engineers today. The conditions surrounding the causes are 
such that the solution of the problem bids fair to be expensive and to 
involve restrictions which will prove more or less onerous to persons 
using inflammable liquids and which will arouse criticism and unpleasant 
comments regarding engineers and others having in charge the enforce- 
ment of the necessary regulations. 

A small percentage of gasoline vapor in air is sufficient to fonn an 
explosive mixture. It may be possible in some cases to provide sufficient 
ventilation in sewers to assure a dissipation and dilution of the vapor 
great enough to reduce the danger of explosion to a minimum. Whether 
or not much can be accomplished in this way, it appears wise to secure 
as good ventilation as possible in the sewers. 

It may perhaps he desirable to give more attention to designing sewers 
80 as to provide self-cleaning velocities and thus avoid deposits of organic 
matter which may give off combustible gases, although this seciis to 
be a remedy of minor importance. 

Gasoline is readily volatilized at temperatures above 50° F. It is 
well known that large quantities of hot water, exhaust steam and 
sometimes live steam are discharged into sewers from public and private 
buildings. This is particularly true in northern climates during the 
winter, when heating systems are being forced, and it is not infrequent 
in cities to find manhole covers so hot that the naked hand can hardly 
be kept upon them. Under such conditions volatile liquors like gasoline 
are quickly converted into vapor. If, on the other hand, the air in the 
sewer is cool and the temperature of the sewage is normal, the tendency 
toward volatilization will l>e much reduced. While this condition 
will not assure safety, the danger of explosion can be reduced by pre- 
venting the discharge of hot water and steam in large quantities into 
the sewers. This hot water is very objectionable from several other 
points of view. 

Something can be done to reduce the danger of ignition of gases. 
Greater care can and should be exercised by those entering and working 
in the sewers to avoid throwing matches into manholes and to use 
electric lamps in place of open-flame lanterns. Greater care can also 
be exercised in avoiding an opportunity for the communication of electric 
sparks to sewers. Whatever may be done in this direction, however, 
cannot overcome the danger of ignition and for a complete solution of 
the problem it will be necessary to turn to a restriction of the discharge 
of inflammable fluids into the sewers, in addition to other preventive 
measures. 

The evidence at hand appears to indicate conclusivdy that a more 
serious effort should be m^e in all cities to prevmt the discharge of 
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iniJaminable materials into sewers, and this appears at the present time 
to be the most fruitful field of endeavor to prevent sewer explosions. 
Many cities are now provided with ordinances which, although not 
drawn expressly to prevent the discharge of gasoline and other inflam- 
mable liquids, are sufficiently broad to prevent such discharge if enforced. 
Some cities have recently adopted new ordinances governing the dis- 
charge of inflammable liquids. Such an ordinance is given on page 
638 to serve as a guide to those who are drafting similar rules. 

* ‘ It is probable that the quantities of gasoline discharged from private 
residences and private garages is not generally sufficient to cause explo- 
sions under ordinary conditions, although there is a possibility that 



explosive mixtures may be caused even by the small amount from such 
sources. 

An important step has been taken In a number of cities in requiring 
sewer connections serving garages and other buildings in which inflam- 
mable fluids are used to be equipped with oil separators, of which several 
different types have been designed. Their utility is based upon the 
that oil and gasoline are lighter than water and consequently will 
float upon its surface if given a suitable opportunity, which it is sought 
to provide by means of these devices. 

llie Paragon gasoline and oU separator is an apparatus which has 
been put upon the market by the Ansonia Manufacturing Company of 
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New York, to meet the regulations just quoted. In it, as indicated in 
Fig. 179, by taking advantage of the difference in specific gravity, the 
oil and gasoline are allowed to overflow into an oil chamber while 
the water passes through the trap and out into the sewer. From time 
to time, as oil and gasoline accumulate in the chamber, they are drawn 
off or pumped out. 

Where separators are used, the regulations or ordinances of the city 
should provide for regular and frequent inspection of them and for the 
removal of the oil contained in them by the owners, contractors, or, 
preferably, the municipality. If this is not done effectively, the separa- 
tors will fail to serve the purpose for which they are installed. 

Safety Precautions. — The occasional presence of illuminating gas in 
sewers has been a matter of common knowledge for a great many years. 




Fig. 180 —Electric head light and electric lantern. 

It does not seem that there is at present any tendency toward an increase 
of this sort of trouble, and so far as the authors know there are no means 
of preventing its occasional occurrence. It is usually discovered and 
reported before an explosion occure. When reported, every effort 
should be made to immediately ventilate the sewer in which it is found 
and to locate the leak in the main which is permitting the gas to 
escape. The trouble arising from gasoline vapor in sewers appears to 
have increased greatly in the last few years with the larger number 
of gasoline engines and automobiles in use. Something toward decreae* 
ing the danger can be accomplished by means of oil separating traps, 
thoroughly well ventilated, to prevent the escape of gasoline into seweia* 
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This does not Beem to have wot with general applioation, however, and 
great care should be exercised by those entering sewers to avoid igniting 
explosive mixtures of gas which may be encountered therein. One 
of the best means of accomplishing this is to substitute the electric 
lantern for lamps with open flames for use in inspecting or working in 
sewers. 

An instructive discussion by D. B. Rushmore of safety lamps and a 
new electric light for miners appeared in Engineering News, Aug. 15, 
1912. The electric lamp, made by the General Electric Co., is a com- 
bination of the hand-lantern and headlight, consisting of a miniature 
tungsten lamp-unit operated from a light storage battery. The battery 
has a capacity of 5 amp.-hr., and is of sufficient size to operate a lamp 
from 12 to 14 hr. When used as a headlight the lamp is fastened to 
the miner’s cap and connected by a flexible cord to the battery, which is 
flat, (M/2 X 4-5/8 X 1-1/8 in., weighing 3 lb. and is carried on a belt as 
shown by Fig. 180a. When used as a hand lantern. Fig. 180b, the lamp 
socket is removed from the cap receptacle and inserted in the receptacle 
on the side of the battery, simply taking the place of the cable-attaching 
plug. 

Ordinances and Regulations Governing Discharge of Inflammable 
Liquids. — The following ordinance from Washington, D. C., appears 
to provide as ample protection as is possible by law: 

“Sec. 18. No persons shall make or maintain any connection with any 
public sewer or appurtenance thereof whereby there may be conveyed into 
the same any hot, suffocating, corrosive, inflammable or explosive liquid, gas, 
vapor, substance or material of any kind ; and no persons shall cause to enter 
or flow into any public sewer or appurtenance thereof any hot, corrosive, 
suffocating, inflammable or explosive liquid, gas, vapor, substance or 
material of any kind; provided, that the provision of this paragraph shall 
not apply to water from ordinary hot-water boilers of residences." 

The 8t)ecial regulations adopted in Washington to cany out this 
ordinance read as follows: 

“1. Every garage or other structure for the housing, sale or repair of 
aut^unobiles, which is provided w'ith a water supply of either a temporary or 
pennanent character, or in which automobiles are washed, cleaned or re- 
paired, shall be provided with proper means for draining the floors and repair 
pita, in such a manner that no drainage therefrom shall flow over any street, 
alley, or paved approach. 

“2. Any drain in the floor or repair pits of any garage or other structure 
for the housing, sale or repair of automobiles, whether required to be provided 
under paragraph I of this section or not, shall have a special sewer connec- 
tion separate from other waste or soil connections, and shall discharge into 
an intercepting trap which shall be located outside of the building and con- 
nected with the house sewer between the building walls and the public sewer. 

“3. This trap shall be so arranged as to intercept all oils, gasoline, or other 
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inflammable fluids, as weU as sand, silt and other solids, for the purpose of 
excluding same from the sewerage system. It shall be water-tight, of sub- 
stantial masonry construction, so located as to be easily accessible for clean- 
ing and inspection, shall be provided with a standard Sewer Department cast- 
iron manhole frame and cover, except that in locations within yards and 
where not subject to traffic a suitable lighter cover may be used, shall be of 
design approved by the Engineer Commissioner, and shall have a depth of 
not less than 2 ft. below the grade of the drain pipe, with a net capacity 
of 6 cu. ft. where the storage capacity does not exceed three (3) automo- 
biles; where the storage capacity exceeds three (3) automobiles 1 cu. ft. in 
net capacity shall be added for each additional automobile. 

“4. Such traps shall have the accumulated oils and other inflammable 
fluids pumped or otherwise removed therefrom at regular intervals, and shall 
be so maintained as to insure the exclusion of the same from the sewerage 
system. They shall also be kept free of sand, silt and other solids, and 
will be subject to a periodical inspection by the Superintendent of Sewers. 

“5. Every existing garage or other structure used for the housing, sale or 
repair of automobiles shall be provided with a floor drain and garage inter- 
cepting trap in accordance with this section, within sixty (60) days after 
notice from the Commissioners," 

A type of trap said to be approved under these regulations is a brick 
or concrete basin into which the drain from the garage discharges. 
The outlet pipe is provided with a 90-deg. elbow pointing downward, 
into the lower end of which is fastened a short length of pipe. The 
elevation of the outlet pipe is such that the elbow and short pipe at- 
tached to it effectually trap the basin, the normal minimum seal being 
6 in. 

On Jan. 3, 1912, the Municipal Explosives Commission of New York 
adopted a code of regulations, some of which bear directly upon the 
admission of inflammable oils to the public sewers, and arc here quoted 
as of interest to those having in charge the operation and maintenance 
of sewers. 

“Sec. 289. It shall be unlawful for any person to connect an oil storage 
plant with any public drain or sewer, or to permit any liquid product of 
petroleum to escape into any such drain or sewer within the City of New 
York. 

“Sec. 376, No garage permit authorising the storage of volatile inflamma- 
ble oil shall be issued for any premises which are not provided with an oil 
separator, trap or other similar apparatus attached to the house drain for 
the purpose of preventing volatile inflammable oils from flowing into the 
sewer; provided, however, that the Fire Commissioner may, upon the rec- 
ommendation of the Municipal Explosives Commission, exempt from ^le 
requirements of this section a garage draining into a short sewer line. 

“Sec. 396. Each oil separator installed in a garage shall be connected to 
the house drain, and shall be so arranged as to separate all oils from the drain- 
age of the garage. 
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“Sec. 397. The oil receptacle of an oil separator shall not exceed 50 gal. 
capacity, and shall be emptied as often as may be necessary to prevent the 
oil from overflowing; and such oils as are recovered from the separator shall 
be removed from the garage within 24 hours after being taken from the 
separator. 

“Sec. 436. It shall be unlawful for any person to discharge any volatile 
inflammable oil into any public drain or sewer. 

“Sec. 444. The holder of a permit to maintain and operate a dry cleaning 
or dry dyeing establishment shall not be required to obtain a permit to con- 
duct the business of sponging.” 

It is comparatively easy to draft ordinances and regulations which, 
if strictly enforced, would prevent the discharge into the sewers of 
most of the inflammable liquids now finding their way into them, and 
in most cities it is probably possible to secure the passage of them. 
It is not so easy, however, to enforce, such laws, and the chief difficulty 
with this line of attack on dangerous sewer explosions will come in the 
enforcement. In the larger cities, probably, much difficulty will be 
encountered, for many of the owners of garages and industrial establish- 
ments will oppose restrictions which may appear to them to be unfair. 
The repetition of such explosions as have recently occurred in Pittsburg, 
New York and other cities will do much toward creating a public senti- 
ment which will assist city officials in enforcing regulations. 

Other Dangers. — Even though the danger of explosion is avoided, in 
exceptional cases gases may be present in sufficient quantities and of the 
proper kind to endanger the men working in the sewer. Illuminating 
gas, while most common, may usually be detected by its odor. If 
however, there are some gas works wastes in the sewage which impart 
odor to the air and yet are not dangerous, the men may gradually come 
upon a quantity of illuminating gas without noticing the difference in 
odor and be overcome, with dangerous results. There is also danger 
from marsh gas formed in decomposing deposits and liberated in large 
quantities when these deposits are disturbed, as by being shoveled or 
walked upon. Hydrogen sulphide may also be formed under similar 
conditions, especially where the sewage contains sulphates, as from very 
hard water or sea water. An illustration of such conditions is furnished 
at the gate chamber at the end of the Los Angeles outfall, mentioned in 
Volume I. 

Another illustration is afforded by the death of three experienced 
sewer workmen at New Bedford, Mass., on April 10, 1914. A section of 
an intercepting sewer had been closed by a bulkhead in order that the 
poiHon below the bulkhead might be put in use while that above was 
being completed. The men entered the sewer at a manhole 500 ft. 
above the bulkhead. They adopted none of the precautions advised in 
this chapter. About 8 hours later, their bodies were found by a searching 
party under conditions which indicated that they had probaUy worked 
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their way well down toward the bulkhead, when they discovered the 
presence of gas. One of them escaped to within 100 ft. of the manhole 
and then fell over with his face in a little trickle of water on the invert, 
in which he was practically drowned. The others did not get nearer than 
300 ft. to the manhole; their bodies were found against the wall of the 
sewer, the arm of one through that of another in a way indicating that 
he was helping the latter along when both collapsed. 

The only practicable way in which to avoid danger of being overcome 
by such gases as may be found in sewers under exceptional circum- 
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stances appears to be to provide liberal ventilation before entering and 
while working in them. Care should also be exercised to provide 
young and vigorous men for such work, to see that there are sufficient 
men in the party to provide necessary assistance in case of need, hnd 
to require that Ufe belts be used when the men are in particuUr d^r. 
For emergencies the breathing apparatus used in mine rescue work aaa 
for entering burning buddings may prove useful. Such apparatus to 
described in Miners’ Circular 4, U. 8. Bureau of Mines, One type to 
illustrated by Fig. 181. It consists essentially of a cylinder of (»yge^ a 
breathing bag and a regenerator or device for removing tl» carbon 
dioxide from the exhaled air. The operator breathes through tl» mouth 
from a tube leading from the breathing bag which constitutes the r^ 
voir pf air, the oxygen in which is kept at the proper proportion by the 
supply from the oxygen cylinder. The exhaled air after being r«K 
generatied is used over and over. 





INDEX 



INDEX TO TABLES AND ILLUSTRATIONS 


Index to Tables 


No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 


11 

14 

21 

53 

62 

72 

72 

74 

86 

10 

97 

103 

104 

105 

108 

lOd 

114 

115 

122 

123 

20 

124 

125 

127 

135 

145 

148 

149 

150 

155 

162 

30 

163 

105 

167 

169 

173 

186 

198 

201 

222 

224 

40 

243 

243 

244 

244 

249 

264 

269 

274 

283 

284 

50 

288 

280 

293 

294 

315 

318 

333 

338 

358 

359 

60 

362 

304 

306 

375 

387 

388 

415 

418 

425 

427 

70 

428 

432 

503 

508 

508 

513 

514 

515 

515 

524 

80 

525 

525 










Index to Illustrations 


No 

0 

1 

2 

3 

4 

5 

6 

-T-' 

8 

9 

0 


7 

8 

9 

10 

13 

14 

19 

23 

26 

10 

41 

46 

47 

51 

i64 

68 

70 

71 

73 

77 

20 

80 

80 

84 

84 

90 

91 

92 

92 

92 

93 

30 

95 

96 

99 

106 

tl08 

tl08 

no 

111 

112 

112 

40 

117 

119 

120 

126 

140 

140 

141 

145 

146 

152 

50 

152 

1.53 

154 

156 

157 

tl62 

218 

210 

221 

227 

60 

227 

228 

229 

230 

230 

231 

231 

232 

232 

233 

70 

233 

235 

235 

236 

237 

241 

241 

242 

242 

245 

80 

245 

246 

247 

248 

248 

250 

251 

253 

254 

255 

90 

256 

256 

*256 

i257 

257 

358 

250 

260 

261 

262 

100 

262 

263 

272 

285 

286 

287 

300 

306 

306 

307 

no 

314 

317 

318 

324 

328 

330 

357 

361 

362 

4362 

120 

t362 

t363 

t363 

377 

379 

379 

380 

380 

380 

383 

180 

v388 

»389 

390 

392 

394 

397 

398 

399 

402 

4402 

140 

i402 

405 

408 

t408 

i408 

4409 

4400 

411 

413 

4414 

150 

i414 

i41S 

i415 

416 

417 

419 

421 

422 ' 

422 

423 

160 

i432 

t498 

500 

500 

502 

502 

503 

504 

504 

505 

170 

505 

506 

507 

t508 

4508 

4509 

612 

515 

517 

536 

180 

537 

541 










The number of ihe table or illustration ia to be found by taking its unit figure in the hori- 
lontal line at the top of eaoh table and the tens and hundreds figures in the left-hand colunrm. 
In the spaoe omresponding to the interaeotion of the vertical and horiaontal lines will be found 
the gnge on which the table or illustration appears. For example, Fig. 113 ia on page 324. 
The letter t shows that the UlustraUon is on an inserted sheet and fares the page suted. 


544 







SUBJECT INDEX 


A 

Abandoned work, 458 
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Accidents, contractor’s retponsibility, 458 
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cooling and reheating, 122 
drills, 105 
tunneling, 258 
Air compressors, 126 
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American Engineering A Construction Co^, 
steel forms, 412 
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increased by compression, 278 
Anvel, R. Q.; cleaning sewers, SOI 
Arbitration, bars, 478 

cannot be made compulsory, 437 
clsuscs, 438 

engineer’s duty under contract agrea* 
ments, 435 

Arching of backfilling, 153 
Arch-timbering of tunnels, 257 
Aress, averaging end, 159 
Asphalt joints, 339 

Asphyxia from fumes of explosives, 137 
Atlas powder, 132 
Augers, for sampling earth, 7, 14 
Austrian method of tunneling, 06 
Automobile insurance. 444 

for cleaning catch-basins, 510 
Auxiliary valve for drills, 106 
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Backfilling, arching produced by narrowed 
bottom of trench, 153 
frosen material unsuitable, 811 
inspection, 35 
Iowa specifications, 309 
methods, 309 
no adhesion to bank, 270 
puddling, 309, 311 
rock in, 128 
rolling, 310 
specifications, 471 
Bags for mortar for jobts, 332 
Bailing, 67 

specifications, 471 
Baker, Ira O.; angle of repose, 268 
Ballsst, 475 

Balls for cleaning sewers, 506 
Bsitimore, Md.; condensing water from 
underdrains, 78 

waterproofing concrete sewers, 389 
Barbour, Frank A.; asphalt Jobts for pipe 
sewers, 340 

cisssifiostion of exesvatioD, 56 
pipe Jobts, 335 
Bars, srbitrstbo, 478 

reinforebg, 384, 406, 475, 477, 482 
slicing, for tamping around atest, 883 
to support roof in iunndbg, 255 
BaUvia, N. Y.; foundations b wet trenrilMy 
302 
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Batch concrete mixers, 377 
Bates, John S.; asphalt joints for pipe 
sewers, 340 

Bates, W. F.; laying subaqueous outfall, 
324 

Batter boards, on piles along outfall sewers, 
30 

transferring line and grade, 26 
Butteries, blasting, 144 
Bearing strength, vitrified piiK>, 297 
Beetle, for driving sheeting, 262 
Belgian inetbtMl of tunneling, 6.*» 

Bolls, Coffin's study of their shape, 33."> 
specifications, 4 S3 

Bench marks, located by preliminary sur- 
veys, 3 

position for giving sewer gradi's, 27 
Bench wall forms, 399, 401, 404, 406, 111 
Beveling sheeting, 219, 240 
Bidders, information for, 441 
bomis, 443 

Bids, form of proposal, 442 

where alternative materials may be 
used, 347 

Bill of material for shoring trenches, 224, 
225. 226 

full round uood forms, 4 IS 
Bits for drilling 

hand drilling, 102 
steam and iitr drill mg 
length, 107 
sharpening, 116, 120 
tempering, 119 
Bituminous joints, 339 
Blanket clauses, 436 
Blanks for records, branches, :j05 
force account, 46, 47 
general and overhead charges, 40 
labor on pqie laying, 44, 50 
manholes, 305 

materials and supplies for pipe laying, 
46 

sewerage statistics, 517 
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laying, 48 

total cost of pipe laying, 48 
Blasting, care necessary in trench work, 
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oloaning holes, 142 
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cut and breaking-in shuts, 67 
fumes, 137 
machines, 144 
priming cartridges. 142 
tilMcing holes, 103 
specifications, 470 

luri n g different explosives in a hole, 135 
wet holes, 138 
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Block sewers, vitrified, 361 
concrete, 302 
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Blocking pipe, 317 
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Board of Local Improvements, Chicago, 
rock excavation specifications, 57 
Board of Water Supply, New York; con- 
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leveling requirements, 3 
requirements for brick, 351 
Boilers, steam drilling, 107 
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Boston, brick laying performance, 350 
explosions in sewers, 532 
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Boxes for thawing dynamite, 141 
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records. 38, 306 
stoppers, 307 

specifications for placing, 480 
Breakage, vitrified pipe, 201, 292 
Breathing apparatus, 541 
Breed, J. B. F.; engineer's estimates and 
con tract costs, 162 
shoring Ixiuisville sewers. 227 
specifications, 466 

Breneman, A. A *. explosions in sewers, 529 
Brewer, Bertram; flushing sewers, 497 
Brick, advantages and disadvantages, 347, 
349. 367 

broken, in manholes, 352 
cost of brick sewers, 360 
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BAok» handliag, 352 
inspection, 33 
laying, 354 

use of profile, 397 
specifioations, 478 
plastering, 479 
quality, 350 
rate of progress, 360 
siie, 350 

specifications, 478 
tests, 351, 352 
vitrified, 369 

Brockton. Mass.; flushing sewers, 497 
Bronx Valley sewer, using materials from 
trench, 371 

Brooklyn, Borough of; bttuminous iouits 
for pipe sewers, 341 
cleaning catch-basins, 514 
cleaning sewers, 503 
tests of vitrified pipe, 298 
Brown, N A ; wash borings, 12 
Brunton bit, 118 
Buckets, bottom-dump, 380 
concrete, 379 
cost of excavation, 101 
excavating, 98, 320, 322, 323 
Buckeye traction ditcher, 95 

cost of excavation, Denver, 167 
performance at Denver, 109 
Buffalo, N. Y ; explosions in sewers, 530 
Buggy, concrete, 379 
pipe, 300 

Buildings, measurements where settlement 
may occur, 81 

ffecords taken on preliminary surveys, 
4. 22 

records taken during construction, 35 
Bulkhead at end of construction s<*etion, 401 
Burns A McDonnell; classification of exca- 
vation, 57 

Butterfly valve for drills, 106 

C 

Cableway, use on sewer trenches, 93 
Caisson on sewer tunnel under air, 259 
Calcium carbide, source of explosive gases, 
531 

Canals, cost, 160 
Cape for explosives, 142 
storage, 149 

for sheeting planks, 203 
Car for concrete, 380, 381 
Carboniie, 132 

Carbons ff>r ctu'e drills, 15, 16 
Car-load, feet of pipe in, 292 
Carpenter, George A.; cleaning cateb- 
basins, 510 

Caraon-Trainor holater and conveyor, 93 
CareoD trench machine, 83, 232 


Carter, Prank H.: thiekness of sheeting, 
rangers and braces, 287 
Carts for catch-basin refuse, 514 
automobile, 510 
Cartridgfw. dynamite, 134 
priming, 142 

Casting earth in excavation, 60 
Castings, iron, 478 
Catch-basins, cleaning, 509, 525 
freexing, 511 
location, 526 

oiling to kill mosquitoes, 516 
specifications. 487 

Cnttoll, W. A.; classification of excavalioti, 
56 

Cutskill Aqueduct; brick requirements, 351 
construction of invert, 391 
leveling requirements, 3 
time forms were in place, 431 
Cellars, effect of underdrains, 75 

preliminary records of depths, 4, 22 
Cement, inspection, 31 

joints in pipe sewers, 331 
non-<lccoinposablc, 370 
specifications, 473 

testing with sand to be used, 32, 354 
volume, 370 

wash on brick sewers, 355 
weight, 376 
Centers, block, 398 

brickwork, construction, 397 
spi'cifications, 479 
withdrawing, 354, 398 
concrete, cleaning, 428 
eurvw and junctions, 424 
handling, 432 
length. 409 
lubrication, 429 
lumber for, 424 
metol-covcred wooden, 403 
peeling, 407, 429 
prevention of swelling, 418, 424 
specifications, 48 
steel, 404, 407 
cost. 428 

time in place, 430 
wooden, 398, 404 
cost, 425 

(Centrifugal pumps, 68 
Chain rope, 300, 353 
Changes in soil conditions. 270 
in contracts, 435, 436, 460 
Charges for engineering services. 53 
Chicago, 1 swrence Ave tunnel shield and 
lining, 257 

Childs, Stephen; uoderdrainage at Newton* 
76 

Chocking blocks, in tunnaUng, 255 
Chum drilling, 101 
Chutes, concrete, 381 
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Cincinnati. Ohio; aewer brick requiromcntB 
351 

topoKraphio map*^ 
underground sur^y, 2 
ClamHihell buokete, 08 
Clamp, friction, for drawing boring rod, 7 
pulling steel sheet piles, 247, 248 
sheeting, 262 

Classification of excavated materials, 55 
Clay, and linseed oil joint compound, 342 
angle of repose, 269 
for making impervious concrete, 386 
joints in pipe sewers, 330 
shoring trenches in. 267 
tunneling through, 251 
Cleaning, catch-basins, 509 
centers and forms, 428 
concrete before resuming laying, 391, 
429 

drill holes, 105, 108, 113, 142 
pipe after laying, 334 
sewers, 501 
underdrains, 78 
Cleats on trench braces, 216 
Cleveland, Ohio; submerged steel outfall, 
327 

Cloth wrapping on pipe joints, 332 
Cochran, Jerome; lumber for wood forms, 
424 

lubricating forms, 430 
Coffin, Freeman C.; tests of pipe joints, 334 
Cohesion, effect on earth pressures, 269 
Cold weather, concrete work in, 391 
Collier, James, machine and hand excava- 
tion, 167 

rate of progress on construction, 199 
Colors, for maps, 21 

red for main results in computation, 41 
used in contrasting weekly and monthly 
records, 51 

Columbus, Ohio; barges used in sewer clean- 
ing. 502 

deposita in sewers, 495 
Commission on Additional Water Supply, 
New York; wash borings, 11 
Compensation, workmen's, 443 
Competitive bids on alternative materials, 
347 

Compressed air, 121 

advantages in drilling. 109 
cooling and reheating, 122 
drUls, 106 

requirements for 1 or more drills, 121 
^ transmission, 123 
tunneling, 258 
Compressors, air, 136 
Computation sheets, preservation. 40 
Conoord, Maas.; heavy earth pressures in 
storage well, 379 
flushing sewers, 498 


Conoord, Mass. ; roots in sewers, 500 
Concrete, advantages and disadvantages, 
347, 349, 367 
block sewers, 362 

cleaning before resuming laying, 391, 
429, 481 

cost, factors affecting, 414 
Louisville, 186 

cracks caused by swelling centers, 418 
cradles for pipe, 302, 308, 317 
disintegration by chemical action, 369 
extra amount to avoid using outside 
forms, 157 

maximum density desirable, 373 
mixing, hand, 374 
in restricted space, 378 
machine, 377 

relative economy of hand and ma> 
chine, 876 
specifications, 460 
placing, 382, 481 
affected by trench bracing, 420 
in freezing weather, 391 
Louisville, 393 

proportions of sand, stone and ce- 
ment, 372 

quantity in Louisville sewers, 186 
rate of progress in Louisville sewers, 
201 

rubble, 481 

spading and slicing, 382, 481 
specifications, 480 

surfaces, keeping stone from, 383, 481 
granolithic, 482 
transporting, 379 
wet mixtures needed, 382 
work joints, 390, 414 
Condensing water from underdrains, 78 
Conduits, record of location in streets, 3 
Conglomerates, cost of excavation, 161 
Contingencies, providing for, in contracts, 
436 

Continuous concrete mixers, 378 
Contours, intervals for preliminary sur- 
veys, 4, 20 

on Cincinnati maps, 20 
Contractors, address given in contract, 461 
examination of conditions before sub- 
mitting bids, 58 
favoring local, 165 

inspection doM not relieve eontracton 
of responsibUity. 457, 461 
insurance, 458 

must affeurd facilities to others on same 
undertaking, 457 
powder, 131 

relations srith engines, 87 
Contracts, advertisement, 441 
ambiguity and illegality, 432 
blanket t^uses, 136 
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Contraoia, ehanges in. 435. 436. 460 

o(»npar«d with force account work. 433 
oontingenciee to be provided for, 436 
ooet I^UB fixed sum, 449 

with gtiaranteed limit, 450 
eaaentialB. 434 

general form of engmeering. 441 
authors' form. 455 
lump sum, 448 

must agree with advertisement, infor- 
mation for bidders and proposal, 
443 

New York precautions in drawing, 433 
oral statements modifying, 438 
percentage, 448 
on labor and materials, 449 
preparation. 22 
printing, 455, 463 
restricted to local bidders, 165 
should be clearly expressed, 434 
surety’s interest in changes, 436 
unit price, 446 
Coping stones, 480 

Copper spoon for unloading blast holes, 144 
Core drilling, 15, 105 
Cost-keeping methods, 43 
Cost plus fixed sum contracts, 449 
Costs, administration, 53 
backfilling, tamping, 311 
Buckeye traction ditcher, 07 
core drilling, 16 

Denver sewers, machine and hand exca- 
vation, 167 
diaphragm pumps, 68 
Mitching, 160 
dredging, 160 
dynamite, 149 
electric fuse, 150 
enipneering and supervision, 52 
explosives in rock trenches, 150 
forms and centers. 396 
full-round wood, 417 

erecting, striking and moving, 415 
handling, 415, 432 
•teel. 408, 428 
wood, 425 
hand drilling. 102 
joints, asphalt, 341 
sulphur-sand, 338 
Louisville sewerage system, 162 
concrete and steel. 186 
eontraet wwk, 169 
earth and rook excavation. 173 
eagineMing and administratioo, 53, 
169 

nuu^oles, 866 

operation and maintenanoe of sewerage 
oyitema, 622 
1 ^, jointing, 818 
laying. 818 


Costs, subaqueous pipe laying. 323 
rook excavation, 104 
sewers, brick, 
cleaning, 40flr5Ol 
concrete in. 394, 414 
influence of different factors, 195 
per foot of diameter of 1 lb. ft. of 
aewer, 394 

soundings in earth and hardpan, 7 
ateam shovel excavation, 160 
b trench, 94 

topographic surveying and mapping, 21 
trenchbg by hand and machbe, 82, 167 
tunneling, 63 
vitrified segments, 361 
wash borings, 12, 13, 14 
rig, 10 

work of Carson trench machine, 89 
Couplings (or sewer rods, 507 
Cracks in oonorete, 390, 391 
due to swelling centers, 418 
Cradles, brick sewers, 355 
pipe sewers, 303, 308, 317 
specifications, 485 
Cranes, gantry, for pipe laying, 318 

traveling, on trench excavation. 98, 320 
Crown-bar timbering, 256 
Curbing, specifications, 488 
Curtis puller for steel sheet piling. 247 
Curves, bracing trenches on, 238 

Carson excavating machine on. 89 

D 

Damages due to alterations b contract 
quantities, 458 
liquidated, 451 

experience at Ixiuisville, 169, 452 
suits at Louisville, 162 
Dana, Richard T.; explosives. 130, 135 
Dorlbgton, Dr. Thomss.; treatment of 
asphyxiation by fumes, 137 
Day labor, compared with contract work, 
433 

cost keeping. 46. 47 
experience at Louisville, 162, 165 
Deaths in sewers. 540 ... 

Denver, Colo.: cost of moohbs and band 
excavation, 167 
labor on brick sewers, 357 
rate of progrees on construction, lfH> 
Deposits in sewers, 493 
removsl, 500 

Derrbk for trench excavation, 98 
handiini vitrified pb«< ^ 

■cow, 324 

sulky, for pipe laying, 817 
Detonatbn, nature of, 180 
Detroit, laying large oonersi# pipn. 816 
Diamond drills, 15 
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Diaphragm pumpa, 67 
Differential valve for drill, 106 
DieoounU, pipe list prices, 291 
Disintegration of concrete, 309 
Distance of magacines from buildings and 
railways, 148 

Ditches, Buckeye traction ditchers, 95 
cost, 160 

Dob© blasting, 143 

Dolly used in sharpening bits, 124 

Dopes, in explosives, 131 

Dorr, E. 8 ; grease in sewers, 494 

use of scrapers in sower cleaning, 506 
Drag scrapers for trench work, 98 
cost of excavation, 161 
Drainage, 69, 468 
specifications, 471 
underdrains, 75 
with driven wells, 69 
Drawings, checking old, 5 
contract, 22, 42, 453 
mapping, 19 
record, 41 
Dredging, cost, 160 
Dressing lumber, 240, 425 
Drifts, definition, 65 
use, 66, 250, 256 
Drill steel, hand drilling, 102 

steam drilling, length, 107, 116 
sharpening, 116, 120 
tempering, 119 
Drilling, core, 15 
hand, 101 
churn, 101 
jet, 8 

limitations of different methods, 114 
scow, 323 
spacing holes, 103 
steam and compressed air, 105, 1 15 
boiler capacity, 108 
compressed air needed, 121 
piping for, 107 
Drills, electrio'atr, 110 
hammer. 111 

percussion, siios for sewer work, 109 
types, 106 

wheel mounting, 110 
Drip stones, specifications. 488 
Driving caps for sheeting planks, 263 
Dropping rock in backfilling, 471 
Dualin, 132 

Dunn, Col. B. W.; shipment and storage of 
explosives. 147 

di^Ponl de Nemours Powder Co., E. I.; 
blasting machines, 144 
priming cartridges, 142 
tiiawing dynamite, 139 
Dynamite, amount for trenob ezoavation, 
104, 106 
oartridgea. 184 


Dynamite, composition, 131, 135 
cost, 149 

disposing of unused, 144 
froexing, 138 
priming, 142 
rating strength, 134 

E 

Earl, George G.‘, contract for labor and 
materials on percentage basis, 449 
Earth, adhesion, 270 
angle of repose, 268 
changes in character, 270 
cohesion, 269 

determinatioi; of character by sound' 
ing, drilling and boring, 6 
excavation, 54 

cost at Louisville, 173 
pressures, 271 

Carter’s diagram, 287 
hydrostatic conditions approximated, 
275 

Meem’s theory, 277 
Rankine’s formula, 271 
selection for backfilling, 311 
shrinkage, 310 
tunneling in, 65 

Earthwork, measurement, 158, 469 
shrinkage, 310 

Elberfeld, asphalt joints in pipe sewers. 
339 

tests of pipe sewers, 346 
Electric-air drill, 110 
Electric current, voltage for tunnels, 64 
Emergency work, 456 
Emerson steam vacuum pump, 72 
End areas, averaging, for quantities, 159 
Engineering, cost, 52 
Louisville, 169 

department for construction, 22 
diagram of Louisville organisation, 23 
work during construction, 25 
Engineers, arbitrators, 435 
charges for services, 53 
decision regarding workmanship and 
materials, 456, 459 
may require discharge of men. 457 
relations with contractors, 37, 456 
English method of tunneling, 66 
Equipment, cost keeping, 48 
Estimates, concrete in sewer, 394 
final, 460 
for bidders, 446 
frequency, 39 

Fuller’s rule for concrete, 39 
monthly, 460 

Examination, local conditions by eontrpefc- 
ors before bidding, 63 
sewers, 492 
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Excavation, below grade prevented by 
inepeoiar, 35 

below pipe in rook trench, 56, 128, 464 
bottom of trench, Iowa spooiBcationfl, 
308 

authors’ speoifioations, 464 
cableway, 91 

Carson-Trainor hoister and conveyor, 
03 

Carson trench machine, 83, 232 
classification of materials, 55 
cost, different methods, 160 
Louisville, 173 
danger due to previous, 238 
derricks and cranes, 98 
drag scrapers, 98 
endless chain machines, 93 
excavating buckets, 98 
frosen material, 59 
general discussion of subject, 54 
giving grades, 29, 464 
hand, 58 
hydraulic, 325 
inspection, 34 
lines of, 152, 454, 464, 467 
measurement, 469 

near bottom of trench with machinery, 
99 

Potter hoister and conveyor, 90 
quantity, 151 
quicksand, 81 

rate of progress, Denver, 199 
Louisville, 201 
special structures, 467 
specifications, 467 
steam shovel, 93 
Exploders, 142 
storage, 149 

ExploMons in sewers, 492 
Boston, 532 
Buffalo, 530 
causes of ignition, 534 
Hartford, 531 
Manhattan, 529, 531 
New Haven, 630 

ordinances and regulations to prevent, 
538 

Philadelphia, 530 
Pittsburg, 528 
prevention, 535 

sources of inflammable gases, 527, 531, 
533 

Explosives, ammonia powder, 134 
cartridges, 134 

cause of disruptive effect, 130 
oomposirion of numerous explosives, 
132 

contractors’ and Judson powder, 131, 
183 

dopes, 131 


Explosives, dynamite, 131 
gelatin, 134 

gunpowder (black powder), 130 
magasines, 147 
nitroglycerin, 131 
rapidity of action. 135 
selection for economy, 136 
shipment, 147 
strength rating, 134 
two grades in a hole, 135 
wet-hole explosives, 138 
Extension braces, 263 
Extra payments, contract clauses, 459 
Louisville sewerage extras, 169 

F 

Farnuin, Loring N.; subaqueous pipe laying, 
322 

Felton, C R : flushing sewers, 497 
Fences on trenches. 466, 468 
Ferro Concrete Co. ; wooden forms for large 
sewer, 399 

Filtite jointing compound, 345 
Fitch, Charles F ; steel forms, 410 
Flinn, Alfred D ; time forms are in place, 431 
Floating pipe, 326 
Flushing, methods. 490 
necessity, 493 

Flush-tanks, inspection, 491 
Fo^ce account, compared with contract 
work, 433 

cost keeping, 46, 47 
experience at Louisville, 162, 165 
Forcite, 133 

Ford, F. L.; sewer cleaning, 602 
Form of contract, 466 
of proposal, 442 

Forms (construction), brickwork, 397 
cleaning, 428 

cost of handling small, 415 
curves and junctions, 424 
full round, 415 

good workmanship needed, 348 
handling, 432 
length, 409 
lubricating, 429 
lumber for, 424 
manholes, 420 
metal-covered wooden, 403 
outside, omitted by use of extra eoiK 
Crete, 151 
peeling, 407, 420 
specifications, 479, 481 
steel, 404. 407 
flost, 428 

time in plaoe, 430 
wooden for concrete, 8M, 404, 415 
cost, 425 

Forms (records). branebsSt 305 
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Forma (reoorda), force account, daily. 
46, 47 

general and overhead charges, 49 
labor on pipe laying, 44, 50 
manholes, 306 

materials and supplies for pipelaying, 
46 

sewerage statistics, 617 
tools, equipment and repairs in pipe 
laying, 48 

total eost of pipe laying. 48 
Fort, £. J.; bituminous joints for pipe 
sewers, 341 

cleaning catch-basins, 614 
sewers, 503 

Foundations, in wet trenches, 302 
specifications, 473 
value at Hoboken, 304 
Freesing, catch-basins, 511 

condensation in compressed iJr plants, 
122 

dynamite, 138 

guarding concrete against, oOl 
Friction in compressed air pipes, 124, 125 
Frosen earth, excavation, 50 
backfilling, 311 

Fuertes, James H ; foundations of Hoboken 
sewers, 304 

Fuller, George W.; classification of excava- 
tion, 60 

Fuller, Wm. B.; approximate rule for con- 
crete mixtures, 39 

tost for concrete of maximum density, 
373 

Fumes from blasting, effect of, 137 
Fungus growths in sowers, 495, 499 
Fuse, priming with safety, 142 
Fuse, connecting, 146 
electric, 142 

G 

Gaging stations, should be established 
early, 6 

Gantry crane for pipe laying, 318 
Garage traps, 639 
Gases in sewers, 627 
Gaskets, 318, 331, 335 
Gasoline, extent of danger from 1 gal., 632 
nature of explosions, 633 
separator, 636 

source of dangerous gases, 627, 638 
Gault, Matthew; cleaning catch-basins, 614 
sharpening bits by machines, 120 
Gayitin dynamite, 184 
Gelignite, 133 
Geological Bunregr augie. 3 
German method of tunneling, 06 
Giant powdif, 188 

Gillette, H. ]P.ieoaiqDoeitionof explosivee, 133 


Gillette, H. P. ; labor on brick masonry, 367 
rook excavation, 103, 104 
G-K compound, 342 
Gneiss, cost of excavating, 161 
Go-devil for cleaning pipe, 334 
Grades of sewers, checking records, 4 
grade pole, 26 

notebook used in staking out, 41 
transferring line and grade to sewer, 26, 
31 

Grading material around undeidrains, 77 
concrete aggregates, 373 
Grady puller for steel sheet piling, 248 
Granite, cost of excavation, 161 
drilling holes in, 103 
Granolithic finish, 482 
Gravel, angle of repose, 269 
inspection, 33 

screening and recombining, 373 
shoring trenches in, 267 
specifications, 474 
using, from trench, 371 
voids, 372 
washing. 371 

Gravity concrete mixers, 378, 381 
Grease for lubricating forms, 430 
deposits in sewers, 494 
traps, 494 

Great Falls, Mont.; disintegration of con- 
crete pipe by alkaline water, 370 
Griffin, J. Alden; jointing cement pipe, 338 
Griggs, Julian; barges used in cleaning 
sewers, 602 

deposits in Columbus sewers, 405 
Grooves for joints in concrete, 301 
Ground, settlement, 79 

water, effect on cost of excavation, 161 
leakage into sowers, gaging, 6 
permissible amount, 36 
records of elevation, 17, 40 
removal from trenches, 67 
stimulated fungus growth, 400 
Guaranty by contractor, 460 
Guard rails, 220 
Guarding trenches, 456 
Gunning drill holes, 108 
Gunpowder, 130 
Gutters, speoifioations, 488 

H 

Half-moon for cleaning pipe, 334 
Hamlin, Homer; (Bsintegration of Los 
Angeles outfall, 369 
Hammer, bracing, 262 
drUls, 111 
hand drilling, 101 
steam. 246. 248, 240 

Hammond, G. T.; tests of vitrified p^ 328 
Hand excavation. 58 
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Hand esoavation, cost. 161 
drilling, 101 
inixiDg, concrete, 374 
Handling, materials, brick, 352 
earth, 83 ’■ 

forms, 432 
mortar, 353 
pipe, 200 
rock, 127 

Hanreddy, James; steel forms, 414 
Hardness of rook as basis of olassifioation, 57 
Hardpan, shoring trenches in, 267 
Hartford, Conn.; cleaning sewers, 502 
Haul, effect of length on cost of deauing 
basins, 512 

Havana, Cuba, wheeled trench drills, 110 
Hasen, Allen; classification of excavation, 56 
Heading, definition. 65 
Healey sewer cleaning machine, 505 
Heating concrete materials in cold weather, 
302 

Hempstead, Eng.; lining worn inverts. 516 
Hendrick, Calvin W.; waterproofing Balti- 
more sewers, 380 
Hercules powder, 133 

Henneking, Carl; asphalt joints in pipe 
sewers, 330 

Hering A Fuller; classification of excavation, 
56 

Hering k Gregory; olasrification of excava- 
tion, 56 

High-center bit, 118 

Himes, Albert J.; breaking contracts. 437 
Hoboken, N. J.; foundations for sewers, 304 
Holes, cleaning drill holes, 105, 108, 113 
with steam, 142 
driU, 103, 105 
explosives for wet, 138, 143 
loading with explosives, 141 
unloading, 144 

Holmes, A. L.; subaqueous pipe-laying. 326 
Honolulu, H. I.; laying subaqueous outfall, 
322 

Hook, lifting, 300 
rope, 300, 353 

Hoopes, Charles; foundations in wet 
trenches, 302 

pipe joints in wet trenches, 332 
Hopedale, Mass.: performance of drills in 
quartiite, 115 
lines of excavation, 152 
Horiiotttal sheeting for trenches, 232 
Homer. W, W.: soundings in earth, 7 
Hone-head, in tunneling, 254 
Honley powder, 133 

Hoee, by-passliig inverts under repair. 516 
for dii^hragm pumps, 68 
life diffen wiHi steam and air. 100 
Hough, Capt. D. L.; mutuidity of contrarts, 
435 


Howe, Mslverd A. ; tests of pipe jointt, 834 
Hubbard, W. D.; cleaning sewers, 408 
Hufeland, 0.; explosions in sewers, 532 
Hunter. W. D.; cleaning sewers, 408 
Hydrants, access during excavation, 468 
records of location, 3 

Hydrated lime for making concrete imper- 
vious, 386 

Hydraulic sluicing, cost, 160 ^ 

Hydrogen sulphide, influence of water con 
taining sulphates, 370 t 
presence dangerous to concrete, 360 
Hydrostatic pressures on aheetiitg, 275 

I 

Illuminating gas in sewers, 527, 632 
Industrial wastes, regulations regarding dis- 
charge, 406 

Information for bidders, 441 

judicial opinion regarding its rharacier, 
446 

Inlets, 487 
Inspection, brick, 33 
cement, 31 
construction, 25, 464 
cost, 52 

oost-keeping, 47 

does not relieve contractor of responsi- 
bility, 457. 461 
duties of inspector, SO 
excavation, 34 
final. 36 

maintenance, 401 
precautions for safety, 637 
pipe, cast-iron, 31 
vitrified pipe, 203 
sewers, 345 
sand, 32 

BtcM3l for reinforcing, 33 
stone and gravel, 33 

Institution of Civil Engineers, president 
appoints arbitrator of disputed 
contracts, 440 
Insurance, 443. 458 
Intoxicants on work, 457 
Inverted siphons, iniq^ection. 517 
laveru, early constnictiori, 383, 300, 401, 
403. 406 
lining worn, 516 
specifieatioDS, 470, 480 
wear, 368 

Iowa pipe-laying requirement*, 307 
Iron castings, specifications, 478 
Italian method of tunneling, 66 

J 

Jackhammer drill, til 
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Jersey City, N. J.; arbitration clause iu 
contract for waterworks, 438 
laying steel pipe, 319 
Jet, water, cleaning dredged trench, 324 
drilling rigs, 8 
driving sheeting, 238 
loosening material for suction dredge, 
325 

sheeting, 35 

lowering submerged pipe. 321 
Joint Outlet Sewer, N J : tar-cement 
joints, 341 

Jointite jointing compound, 345 
Joints, asphalt, 339 
bituminous, 341 
brickwork, 364 , 397 
cement, 75, 331 
specification, 485 
clay, 330 
filtite, 345 

flexible, 321, 323. 326 
G-K compound, 342 
specification, 485 
jointite, 345 
lead. 318, 480 
leadite, 331 
marblooid, 345 
overfilled, 334, 336 
plain mortar, 485 
Stanford, 330 
subaqueous, 325, 328 
sulphur-sand, 336 
tar, 339 

tar-cement, 342 
work, 300 

Jones & Laughlin steel sheet piling, 242, 244 
Judson powder, 131, 133 
Jute, burnt to heat pipe, 337 
gaskets, 318. 331, 335 

K 

Kansas City, Mo.; steel pipe laying. 320 
tests of sewer pipe, 298 
Kellogg. H. J ; explosions in sewers, 530 
Kensico Aqueduct, 17-ft section built in 
single operation, 420 
Kerosene for lubricating forms, 430 
Kettles for thawing dynamite, 139 
Kieselguhr, 131 

Kimberly. A. Elliott; G-K compound joints, 
342. 343, 344 


Labor, tasks in hand excavation, 

58 

Caraoa trmieb machine, 88. 89 
clesuiiiig eatoh-basina, 510 
tdaaaitti aewars, 501, 605 


Labor, contract requirements, 457 
cost keeping, 44, ,50 
favoring local, 458 
fiusbing sewers, 497 
G-K compound joints, 344 
hand drilling, 101, 102 
inspecting sewers, 493 
laying sewer brick, 366, 357, 360 
vitrified pipe, 301, 313 
management highly important on exca- 
vation, 54 

mixing concrete, 377 
preliminary estimates of cost, 18 
pulling steel forms, 409 
shoveling material from trenches, 60 
soundings with punch rods, 7 
steam drilling, 108 
tamping backfilling, 309 
wash boring, 10, 13 

Lackawanna steel shoot piling, 241, 243 
Lawns, protected before excavated material 
is placed on them, 468 
Laying brick, 354, 397 

concrete in freesing weather, 391 
pipe, cast iron, 317 
large concrete, 316 
specifications, 484 
steel, 319 
subaqueous, 320 
vitrified, 291, 307 
Lead wool, 318 
lioudite, 331 

leakage of ground-water, gaging, 5 
inspection, 37, 348 
permissible amount, 36 
through tar-cernent joints, 342, 345 
Ixiaves in catch-basins, 511 
Ijedge, classification, 56 
excavation, 101 

hammer drills for shallow holes, 113 
measurements and records, 21, 38, 168 
l^hman, Albert C.; time forms are left in 
place, 431 

Length of sewers, measurement, 158 
I.«ptomitus, fungus in sewers, 499 
Lettering drawings for photographic reduc- 
tion, 454 
Leveling, cost, 21 

preliminary surveys, 3 
quantity surveys, 158 
Lever and plank clamp, 2fl2 
Leyner drill sharpener, 120 
Liability insurance. 44 
Libby, Dana; cleaning sewers, 498 
obstructions in sewers, 496 
I jfe belt, for men inspecting sewers, 493 
Lighting, interior of sewers for examination, 
6, 537 

trenches, 456 
tunneling operations, 64 
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Lime, hydrated, for making concrete imper- 
vious, 386 

Limestone, drilling holes in, 103 
Line and grade, given by engineer to con- 
tractor, 464 

transferring to sewer, 26 
Lines of excavation, 15^ 454 
Lining tunnels, 258, 412 
worn inverts, 517 
Liquidated damages, 451 

experience on Louisville sewerage work, 
166, 452 

Loading oars with vitrified pipe, 262 
drill holes, 141 

wagons with vitrified pipe, 290 
Loam, angle of repose, 260 
Local contractors, favoring, 165 
workmen, favoring, 458 
Locks, air, on tunnel under pressure, 250 
Locomotive, cranes, 08, 320 
electric, for tunneling, 64 
London, arbitration clause in contract, 440 
cast-iron lining of pneumatic tunnel, 261 
Los Angeles, Cal.; cement pipe joints, 333 
disintegration of mortar joints of out- 
fall, 369 

Louisville, Ky ; cleaning forms, 429 
concrete mixing plant, 3K0 
cost of borings on preliminary investi- 
gations, 14 
of concrete, 395 

and steel in sewers, 186 
of earth and rook excavation, 173 
of sewers built by contract, 169 
cross-sections of trenches, 227, 228, 229, 
230, 231, 232, 233, 235, 237 
day labor construction costs, 165 
distribution of expense of sewerage 
system, 53 

full-round wood forms, 415 
judicial decision regarding character of 
‘‘information for bidders,” 446 
laying concrete in cold weather, 392 
liquidated damages and bonus clauses, 
164, 452 

local contractors’ bids, 165 
metal-covered wooden forms, 404 
organisation of staff, 23 
quantity of excavation in trenches, aver- 
age, 107 

rate of progress in placing concrete, 195, 
201. 393 

specifications, 466 
steel forms, 409, 410, 412 
steam shovd on construction, 93 
sulphur-sand joints, 338 
timbering of tunnd, 255, 256 
time forms were in place, 431 
waterproofing experimenta, 386 
wooden forms, 8W, 401 


Low center bit, 118 
Lubrication of forms, 429 
Lumber, bill of material for trench shoring, 
224, 225, 226 
for wood forms, 424 
kinds used for shoring, 239 
losses, 223 

Lump sum contracts, 448 
Lynn; grease in sewers, 494 

M 

Machines for cleaning sewers, 502 
for digging trenches, 99 

Buckeye traction ditcher, 96, 97, 199 
cost of work at Denver, 167 
cableway, 91 
Carson, 83 

Caraon-Trainor bolster and con- 
veyor, 93 
drag scrapers, 98 
endless chain machines, 95 
excavating buckets. 98 
Potter, 90, 91 
for mixing concrete, 377 
for tamping backfilling, 311 
for testing pipe, Boynton, 295 
Brooklyn, N. Y., 208 
Iowa, 296 
Talbot, 295 

Madras, India; disintegration of concrete 
sewers, 370 

Magafines for explosives, 147 
Maintenance, cleaning and care of catch- 
basins, 509 

cost of operation and maintenance of 
sewerage systems, 622 
deposits in sewers, 403 
flushing sewers, 496 
importance, 491 
inspection, 492 
records, 617 

regulators and inverted siphons. 617 
removing heavy deposits from sewers, 
500 

roots from sewers, 499 
repaint, 516 

Malden, Mass. ; cleaning sewers. 498 
Manchester, Eng.; tests of pipe sewers, 345 
Manholes, broken brick in, 852 
castings, 488 
concrete, forms, 420 
constnictton, 365 
excavation for, 467 
Hopedale, lines <A excavation. 152 
moving covers, 516 
quantities, 366 
recording position, 805 
reference marks for locating, 25 
specificationa, 487 
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Manure pit* for dynamite, 141 
Mape, for preliminary investigatione, 2 
street, 18 

Marbleoid jcdniktg compound, 345 
Marsh gas in sewers, 527 
Marshall, Qen. W. L.; waterproofing con- 
crete, 386 

Marston, Prof. Anson; narrowed bottom of 
trench, 153 

pipe testing machines, 296 
Masonry specifications, brick, 478 
atone, 470 

Materials, bill of, shoring trenches, 224, 225, 
226 

bill of, full round wood forms, 418 
choice for large sewers, 367 
cost keeping, 45 
from trench, use of, 371 

depositing so as to leave passages, 468 
list for preliiuinary estimates, 18 
Maul for driving sheeting, 262 
McCracken & Co., C. T., metal-covered 
wooden forms, 464 

McGovern, Patrick ; subaqueous pipe laying, 
325 

MoKiernan-Terry Drill Co.; core drilling, 
15 

sheeting hammer, 248 
Measurements, brickwork, 351 
concrete materials, 376 
excavation, 158, 464, 467, 469, 
final, 38 

length of sewers, 158 
monthly, 39, 52 
preliminary, 38 
rook, 55 

Meem, J. C.; theory of earth pressures, 277 
timbering large tunnels, 256 
Melrose, Mass. ; cleaning sewers, 498 
Membrane method of waterproofing, 389 
Metal-covered wooden centers, 403 
Metcalf A Eddy; classification of exoavw 
tion, 58 

contractor's bond, 463 
contract form, 455 
general specifications, 463 
Metcalf, Leonard; earth pressures, Concord, 
279 

Methane in eewers, 527, 533 
Metropolitan Sewerage Commission, New 
York; grease in sewers, 494 
MetropoliUa Sewerage System, Boston; 
oiling forms, 430 
rate of brick laying, 356 
^nouthem outfall construction, 336 
Mihmukee, Wls.; subaqueous pipe laying, 
S23 

Mirrors for examining eewer interiors, 5 
Mixing conssste. hand, 374 
machine, 8t7 


Mixing concrete, relative cost of hand and 
machine mixing, 376 
Modulus of rupture, pipe, 298 
Monmouth, III.; asphalt joints on pipe 
sewers, 340 

Moran, H. P.; earth pressures, 280 
Morse, Howard S.; timbering a Louisville 
tunnel, 256 

Mortar, composition for best results, 32, 343 
joints in pipe sewers, 331 
masonry, 353 

materials per cubic yard, 359 
on inner surface of concrete sewers, 384 
specifications, 475 

Mosquitoes, oil catch-basins to kill, 516 
Motor trucks for cleaning catch-basins, 
510 

Mudeaps, 143 

N 

Newark, N. J.; cost of forms for aqueduct, 
426 

New Bedford, Mass.; deaths in sewer, 540 
failure of cofferdam, 81 
subaqueous pipe laying, 325 
New Haven, Conn.; explosions in sewers, 
530 

New Orleans; percentage contract for labor 
and materials, 449 

New Roohello, N, Y,; submerged outfall, 
323 

Newton, Mass.; obstruotions in sewers and 
underdrains, 495 
cleaning sewers, 498, 506 
removing roots, 499 
sulphur and sand joints, 337 
tunnel in sand, 252 
underdrains, 76 

New York, N. Y.; cleaning Manhattan 
sewers, 508 

explosions in sewers, 526, 531 
general form of contract, 433 
grease in Manhattan sewers, 464 
regulations regarding explosive liquids, 
539 

Night work, 456 
Nitroglycerin, 131 

use in wet holes, 138 

Nobel and Abel; temperatures of explo- 
sions of gunpowder, 130 
North Attlebcwo, Mass.; asphalt joints in 
pipe sewers, 340 

Norton, Geo. H.; explosions in sewers, 530 
Notchee for sheeting trenches, 223 
Notes tfkould be initialed by a note-tdnv, 

40 

note-bookSf 41 

Numbering clauses in speeifioations, 455 
Nye steam vacuum pump, 71 
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Oakum gaaketa, 318. 331, 335 
Obstniotion of Mwara, detaetion, 403 
Office work, branch recordi, 305 
eomputationi. 40 
coat keeping, 43 
drawiagfl, 41 
manhole racorda, 305 
mapping. 18 
profilaa, 21 

Ogden, H. N.; rook excavation, 103 
Oiling forms, 429 

Oil in sewage cements deposits, 494 
B^arator, 536 

to kill mosquitoes in catch-basins. 516 
Operation of sewerage system, cost, 522 
Orange-peel buckets, 98, 99 
Ordinance against inflammable liquids, 538 
O’Shaughnessy, M. M.; classification of 
excavation, 56 
Outfall sewere, profiles, 14 
surveys for, 29 

Overfilling asphalt joints, 341 
^ cement joints, 331 
tar-cement joints, 342 
Overhead charges, recorded in cost-keeping, 
46, 49 

P 

Paraffine oil for lubricating forms, 429 
Parmley, Walter C. j bond in brickwork, 354 
concrete block sewers, 362 
Pavements, preserving materials, 60, 466, 468 
reconstructing, 466, 468 
records, 3, 17 
removing, 60 

replacing temporarily where settle- 
ment is anticipated, 36, 310 
Pawtucket, R. I. ; cleaning catch-basins, 510 
Payments, brickwork, 479 

catch-basins and inlets, 487 
concrete, 482 
oontract dauees, 459 
exeavalion, 469 
laying pipe. 486 
manholes, 488 
piling, 473 

reinforcemeat ban, 482 
shoring, 470 
vitrified pipe, 483 
Peeling, with metal forms, 407, 429 
Pensacola, laying outfafi, 838 
Fereentage eontraots, 448 
Fsroussion driUs, 105 
Petrolatum for oiling forms, 430 
PhUadelphia; exploatons in aewsn, 630 
Speoifioati<m lor measurement of sew- 
ers, 158 


Pkosphine, auUHmmbustibls gas, 584 
Photogn^bs, desirability, 48, 81 
eontraot drawings, 454 
preserving, 48 
taken by inspecton, 35 
Pierson, Qeo. S.; brick and mortar required 
for sewers, 857 

Piles, eutting off, under water, 321 

maintain gTade of aewen in aetUing 
streets, 304 
refusal in driving, 472 
speoifloations, 472 
under cast-iron outfall, 826 
under concrete pipe sewer, 317 
Pile drivers, extension leads, 336 
steam, 246 

Piling, steel sheet, 241 
Pipe, broken, 315 
buggy, 300 

cast-iron, inspection, 81 
laying, 317, 333, 828 
specifications, 486 
cement, 349 
jointing, 333 
specifications, 484 
concrete, 349 
laying, 316 
floating, 336 
for percussion drills, 107 
friction with compressed air, 134, 135 
grade line defined, 464 
heating by burning jute, 337 
joints, asphalt, 339 
cement, 331 
clay, 330 
filUte. 345 

flexible, 821, 323. 836 
0-K compound, 843 
jointite, 345 
leadite. 331 
marbleoid, 345 
Stanford, 380 
subaqueous, 325, 338 
sulphu r -sa nd , 886 
tar, 839 

tar-eement, 342 
laying, oast iron, 817 
cost, 312 
oost-kseping, 44 
Iowa requirements, 307 
large concrete, 316 
rate of, 318 
^MNsifleations, 484 
stMl, 319 
subaqueous, 330 
vHrifisd, 291 
locating hy test pits, 5 
pulling into plaos, 888 
record of locMtIoA, 8 
steel, 319, 382, 337, 888 
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Pipe, eubeaueoui. 320 
vitrified, 201 
diaooants, 202 
handling and sorting, 290 
inspection, 203 
jointing, 330 
Uying, 301, 435 
lengths in carload, 202 
in wagon load, 299 
sockets, 332 
specifications, 482 
tests, 295 

when used for sewers, 348 
Pittsburg, Pa.; arbitration clause m con- 
tract, 439 

explosions in sewers, 528 
Plank cap, 263 
clamp, 262 
lower, 217 

Plana, checking old, 5 
contract, 22, 42, 453 
mapping, 19 
record, 41 

Plant, coat keeping, 48 
selection, 382 

tendency to use ttw) much, 54 
Plaster of Paris for stemming, 14.3 
Plastering exterior of brick sewer, 354, 
479 

Platforms, staging, 210 
under sewers, 303 
specifications, 473 
Plowing street surfaces, 59 
Plug and feathers, 101 
Pneumatic tunneling, methods, 258 
when needed, 63 

Poling boards, trench bracing, 234 
tunneling, 2.50 

Population, records needed, 17 
Porter, Rufus K.; driving tunnel m loose 
sand, 252 
Post route maps, 2 

Potter, Alexander, sulphur and sand joints, 
837 

tar-oement joints, 341 
Prelini, Charles; exploeives, 130 
methods of tunneling, 65 
Potter excavator and conveyor, 91 
bolster and conveyor, 90 
Powder, ammonia, 134 
Atlas, 132 

black or gunpowder. 130 
oontraotors’ or Judson, 131, 133 
Giant. 132 
4^*' Horsley, 133 

PreUminsry investigations for sewerage 
design, 1 
Add work, 3 
maps, 2 

offlee wpfk preliminary to design, 18 


Preliminary, organisation of engineering de- 
partment for construction, 22 
Pressures, earth, 271 
Printing dynamite cartridges, 142 
Printing contracts and specifications, 455 
Prisraoidal formula, 168 
Profiles, brick-laying, 355, 396, 397 
for payments, 38 
information to be shown on, 21 
preliminary surveys, 4, 17 
record, 42 

Rochester outfall sewer, 14 
Progress, brick sewer masonry, 360 
contract requirements, 457 
effect on costs, 54 
keeping records, 61 

length of centers affects rate of progress, 

409 

pipe-laying, 313 

placing concrete, 393, 399, 401, 406, 

410 

rates attained in building sewers, 195 
Property lines, records, 3 
Proposal, form for, 442 
Proske. T. H ; sharpening drill bits, 116 
Providence, R. L; cleaning catch-basins, 

512, 513 

sewer cleaning tools, 607 
Puddling backfilling, 309, 311 
Pulling pipe, 328 
sheeting, 239 

steel sheet piling. 246, 247 
PuUator for electric-air drill, 110 
Pulsometer, 70 
Pumps, centrifugal, 68 
diaphragm, 67 
reciprocating, 69 
sand, on wash drill rod, 13 
steam vacuum, 69 
Emerson, 72 
Nye, 71 
pulsometer, 70 
Pumping, specifications, 471 
Punch boring, 6 

Q 

Quantities, alteration of, in contract, 458 
brickwork, 351, 357 
concrete, 372 
trench excavation, 153 
Quartsite, drilling 115 
Quicksand, 276 

bottom work in trenches in, 302, 303 
sheeting trenches in, 81 
Quincy, Mass.; cleaning sewers, 499, 505 

R 


Rags in sewers, 495 
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Rails, guard, 220 
Railways, i&dustrial, 379 
street, location records, 3 
Rainfall, effect on trenches, 270 
records needed, 18 

Rammers for tamping backfilling, 309 
Rangers, 214 
bracing, 216 

difficult to hold against sicci sheet 
piles, 246 
' length, 216 

placing, 215, 228, 265 
quantity required, 222, 225 
sise, 219, 222, 281, 286 
times used, 224 

Rankine, W. J. M.; earth pressures, 280 
formula for earth pressures, 271 
Rate of progress on construction, 105 
brick sewer masonry, 360 
contract requirements, 457 
effect on costs, 54 
keeping records, 51 

length of centers affects rate of prog- 
ress, 409 
pipe-laying, 313 

placing concrete, 393, 399, 401, 406, 410 
rates attained in building sewers, 195 
Reaming edge of drill bit, 116 
Reciprocating drills, 105 
pumps, 69 
Records, borings, 17 
branches, 305 
drawings, 41 
manholes, 305 
preliminary survey, 3 
sewerage system, Boston Society, 517 
taken during sewer construction, 40 
vitrified pipe receipts, 295 
Reference marks, for trenches, 25 
Refilling trench below pipe, 467, 468 
Regulations against discharge of inflamma- 
ble liquids into sewers, 538 
Regulators, inspection, 491, 517 
Reinforcement, placing, 384, 406 
specifications, billet-steel, 475 
rail steel, 477 
placing, 482 
Rendr<Mk, 132 
Repose, angle of, 268 
Repairs, by maintenance force, 516 
contractor’s responsibility, 460 
Richards, E. P,; dh^tegration of concrete 
sewers, 370 

Rivers, data furnished by preliminary inves- 
tigations, 5, 17 
surveying aeroes, 29 
subaqueous iripe laying. 321 
Rochester, N, Y.; profile of outfall sewer, 14 
wash borings, 12 

Rock, excavatioii defined, 55, 467 


Rook, from trench used in concrete, 371 
handling in trenches, 127 
i^ backfilling, 128, 310. 471 
lines of excavation, 152 
measurement, 158 
steps, cost, 161, 79, 268 
stripping, 468 

Rods, copper spoon, for unloading blast 
holes, 144 

for determining grades nf sewers, 4 

leveling, 3 

sewer cleaning, 507 

sounding, for ascertaining soil charac- 
teristics, 6 

transferring grades in trenches, 28 
Rolling backfilling, 310 
Roots, in sewers, 332, 495, 490 
in underdraiDs, 75, 405 
removing, 499, 561 
Rope, hook, 300, 353 
Rosette bit, 119 
Ross, C W.; root cutter, 499 
Rotary drills, 15, 105 
Hound edge bit, 118 
Rubble concrete, 481 
masonry, 480 
Run-off, records desired, 5 
Rupture, modulus of pipe, 298 

8 

Salem, Mass ; subaqueous outfall, 334 
Halt in water for concrete, 393 
San Francisco, Cal. ; classification of excava- 
tion, 50 

Band, angle of repose, 200 
deposits in sewers, 405 
detorminatioD of organic matter, 33 
fine, for waterproofing concrete, 386 
inspection, 32 
pump on wash-drill rod, 13 
qualities desired for mortar, 32, 353 
running or quicksand, 276 
sharp, 363 

shoring trenches in, 267 
specifications, 474 

sulphur and sand jointing mixtures, 
336, 338 

using, from trench, 371 
voids, 372 
washing, 371 

Sanitary conveniences on work, 456 
Saunders, W. L.; explosives, 130, 135 
Scale, mill, removal, 34 
Scales, Geological Survey miqw, 2 
Poet Office DuqM, 2 
record drawings, 42 
underground structures map, 18 
topographic maps, 20 
Schist, drilling holes in, 103 
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genmtoa. P».; map of underground struo- 
tu^ee* 1»- * 

Bornpen. dng, eoet of exonvation, 161 
^ for treneh work, 98 
Mwer, 501 

wheel, oosl of excavation. 161 
Sowing inverta, 384. 396, 309 
Soreeningfl, in mortar, 353 
Sedimentation, acid uaed to hasten, 1 1 
Separator*, gaaoline, 566 
Settlement of ground and buildings, cause 
and prevention, 79 
inspector should guard against, 34 
insunces. 320, 230. 304 
Sewers, brick, 349 

choice of materials, 348, 367, 414 
oleaping, 501 
concrete, 367 
• block, 362 

construction in narrow alley, 378 
cost of operation and maintenance, 522 
deposits, 493 

examination of, 5, 17, 492 
dangers of, 402 
explosions in, 402 * 
flushing, 496 
grades, 26. 41 

investment in American cities in, 491 
joints in pipe, 330 
length, measurement, 158 
obstrudUona, 492 

outfall, 322, 323, 324. 325, 326, 327, 328 
pipe, construction, 291, 330 
rates of progress, in building, 195 
smoothing inner surfaces, 335, 384 
transferring line and grade, 26 
vitrified block, 361 
waterproofing, 385 
Shafts, tunnel, 64 

ffiiala, excavation by steam shovels, 100 
Sharp, quality in some sands, 353 
Sheeting, bevel edges, 210, 240 
box, 232 
ohflkip, 262 

’ depth relative to bottom of trench, 217 
driving, 217, 241. 248 
exeavating below end, 217 
for wet trenobea, 79 
horiaontal, 232 
jetting. 238 
length, 230 
lumber, 289 * 
amoaat>reqttired, 222 
^ neeeeeity for, 214 
notehee, 22S 
poling boarda, 234 
puUing, 289 

removal. inepeeM daring, 85 
dceleton, 237 
^wdfieatioagiflM 


Sheeting, thickness, 285 
times used, 223 
vertical, 215 
widths, 240, 263 
Sheet piling, steel, 241 
driving, 247, 248 
pulling, 246, 247, 248 
used for deep trench in water, 825 
Shield tunneling, 258 
Shoring, box sheeting, 232 

necessity in trenching, 214 
poling boards, 234 
practical suggeetions, 264 
requirements of different materials, 267 
skeleton sheeting, 237 
specifications, 469 
stay bracing, 236 
tunnels, 251 
vertical sheeting, 218 
Shot drills, 15 

Shoulders in bottom of trench, 153 
Shoveling from trenches, 60 
staging- platforms, 219 
Shovels, steam, 93 

cost of excavation, 160 
Sidewalks, keeping passages clear during 
* excavation, 468 

specifications, 488 

Siphons, inverted; inspection, 401, 617 
Skeleton sheeting, 237 

Sieves, round holes corresponding to square 
meshes, 32, 33 
Simmons bit, 118 

Snelling, Dr. Walter O.; selection of explo- 
sives, 136 

Snow, F. Herbert; stoppages in sewers, 495 
Soap and alum for making concrete imper- 
vious, 386 
used on forms, 430 
Sockets, Coffin’s study of shape, 836 
Soil, adheaion, 270 

angle of repose, 268 
calculation of pressures, 271 
changes in character, 270 
cohesion, 269 

investigations of character, 6 
records of character, 40 
Bounding with rods to ascertain soil charae- 
teristics, 6 

Sourii Bend, Ind., cost of centers, 426 
Spacing drill holes, 103, 105 
Spedfioations. absorption by vitrified pipe, 
296 

backfilling, 471 

bearing strength of vitrified pipe, 297 
billet steel reinforoement bars, 475 
bituminous joints for pipe sewers 841 
bleating, 470 
easting*. 478 
oateh-baaiii, 487 
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SpMifiMtionB, eomeni. 478 
pipe, 484 

olmiai forms, 420 

eonortte, pUin end reinforced, 480 

eurbittc, gutters end sidewelks, 488 

eer^ excevetion, measurement, 182 

engineer's rulings govern, 459 

excevetion, 467 

foundetiona, 473 

general, 463 

inlets, 487 

laying cast-iron pipe, 486 
vitrified pipe, 484 
length of sewers, 158 
manholes, 487 
masonry, brick, 478 
stone. *476 
mortar, 475 
pUing, 472 

pipe Uying, 307, 484, 486 
sewers, 345 
vitrified, 482 

preparation of, 22, 435, 465 
printing, 455, 463, 465 
pumping, bailing and draining, 471 
rail steel reinforcement bars, 477 
rtinforoement, 475, 477 
shoring, 460 

steel reinforcement, 475, 477 
technical, 466 
tunneling, 469 
wellholee, 487 

Spoon, cleaning drill holes, 105 

copper, for unloading blast holes, 144 
Eh>rBgue, N. 8., Jr.; explosions in sewers, 527 
Springfield, Mass.; cleaning sewers, 490 
laying steel pipe, 319 
' Square cross bit, 118 

St. Louis, Mo.; cableway used on sewer 
trenches, 03 

crushing rook from trench for concrete, 
371 

soundings in earth, shale and hardpan, 
7 

steel pipe laying, 320 

Stadia, use on surveys of outfall sewers, 80 
Staging platforms, 219 
Statistics of sewerage systems, form, 518 
Stay bracing, 236 

Staafii, cleaning drill holes with, 142 
drills, 105 
hammers, 246 
shovels, 03 

oost of excavation by, 100 
thawlag froastt ground, 59 
vacuum pumps, 69 
CM,.mii^oreins, inspection, 33 
plseing, 384 
qmeifiCatkMu, 482 

Qoatttity and cost, LouisviUe sswers, 186 

m 


Steel, sheet jdUag, 241 

specifications. IdUelHnael, 475 
rsU steel, 477 

Stemming for blast holes, 143 
Stem. Eugene W.; earth pdEmuias, 281 
Stone, crushed, inspection, 33 
specifications, 474 ^ 

m^nry, spseifioation, 479 ^ 

Stonite, 132 
Btoping drill, 112 
Stoppage of sewers, detection, 492 
Stoppers (or branches, 307 
Storsge, excavated material, 468 
pipe, 299 

Street railways, records of location, 3 
Streets, loosening surface, 59 
maps, 2 

passsges to be left during exoavation^» 
468 * 

pavements, prsserving materials, 60, 
406, 468 

rSoonstruotlng, 466, 468 
records, 3, 17 
removing, 60^ 

replacing teihporarily, 36, 810 
records of sections, 4 
Subaqueous pipe laying, 821 
rook excavation, 821, 323 
Sulky derricks, 3l7 

Sullivan Machinery Co.; core drilUng, 15, 
16 

Sulphur-sand mixtures, 386 
Bumps in trenches, 78 
Supervision, 30 
cost, 52 

Supplies, oost keeping. 50 

Surety, interest in changes in contraet, 486 

Surveys, character of soil, 6 

grades (or exesvation of areas, 29, 88, 39 
note-book for staking out sawtr grades, 
41 

preliminary, 3 
quantity, 158 

sswers, 25 ,, 

Sylvester waterproofing process. 886 
Syramtss. N. Y.; laying large oonereta pipe. 
816 

T 

Talbot, Jl N.; pipe testiM maohlaa, 205 
Tami^ blast holes. 148* 
baekflUing. 801, 309. 811 
spSNsiflcations. 471 
Tappet valve lor drills, 106 
Tar binds deposits ia sewers, 494 
lohkts ia p4>e sewers, 829 
Tar-oemeat jcdots in jAp* sewers, 242 
Tsylor, Alexander, J.; umpiiig besMInt 
by machlias, 212 



INDEX 


Taylor k Thompson; materials for strons 
oonorete, 374 

proportions for stronc concrete, 374 
quantities of sand, stone and cement, 
872 

salt in water for concrete, 303 
Team insurance, 444 

Temperature of explosions of powder, 130 
Tempering bits, 119 

Templates for screeding inverts, 383, 396 
Tests, brick, 351 
cement, 473 
density of concrete, 373 
general principles of specifying, 348 
iron castings, 478 
pipe sewers, 345 
reinforcing steel, 476, 477 
vitrified pipe, 295 
Thawing, dynamite, 139 
Thompson sewer cleaning machine, 503 
Thomson, T. Kenuard; earth pressures, 280 
Timber, bill of materiolB for shoring, 224, 
225, 226 

bill of materials full-round forms, 418 
for wood forms, 424 
kinds used for shoring, 239 
losses, 223 

Timbering tunnels, 249, 264 
Time forms should be in place, 430 
Toad-stools in sowers, 495 
Tools for cleaning sowers, 507 
cost keeping, 48 

sheeting, bracing and timbering, 261 
Topography, map of Cincinnati, 20 
preliminary surveys, 4, 21 
Townsend, A. C.; grease in sewers, 494 
Tracings, care of, 42 
Transportation, concrete, 379, 381 
explouvea, 147 
vitrified pipe, 292 
Trap, gasoline, 536 

rook, drilling holes in, 103 
Treatment works, laying out, 29 
measurement of excavation, 39 
Trenches, bottom narrowed, 153, 302 
backfilling, 909 
blasting in, 150 
cost, 151 

casting material from, 60 
changes in sides on exposure, 270 
oroas-sections, Hopedale, 152 
Louisville, 227 to 237 
depth at Louisville, 173, 201 
^ where machine excavation becomes 
advisable, 82 

where tannellng ii |»^erahle, 62 
diffleultiea In eofi bottoms, 302 
draining, 67, 901 

axeavatioa bstdw pipe in rook out, 56, 

iu,m 


Trenches, hand excavation in bottom where 
machines are used, 99, 467 
laying out, 25 
length opened, 467 

with concrete sewers, 383 
lighting and guarding, 456 
materials from, in oonorete, 371 
machines for excavating, 83 
must be dry for cement jointing, 75, 
332, 486 

no adhesion between backfilling and 
bank, 270 
puddling, 309 
refilling below pipe, 467 
rolling backfilling, 310, 311 
shaping bottom, 301, 307 
specification, 485 

sheeting below underground structures, 
236 

depth to be driven, 217 
different methods, 214, 264 
for steam shovel work, 94 
in different materials, 267 
on curves, 238 
pressures, 271 
quicksand, 81, 276 
rock cuts, 268 
wet trenches, 79 
spacing blast boles, 105 
specifications, 467 
starting work, 59 
steam drills in, 107 
width, affected by material, 151 
for machine excavation, 82 
Trestles, subaqueous pipe laying, 322 
Triangulation, cost, 21 
purpose, 3 

Troughs, concrete, 381, 382 
Tunnels, cost in different materials, 63, 196 
drill mountings, 108, 1 13 
effect of fumes from explosives, 137 
handling materials, 64 
in sand and gravel, 252 
lighting, 64 
lining, 67, 258 
forms, 412 
inspection, 36 
where used, 61 
pneumatic work, 63, 258 
rate of progress, 196 
shafts, 64 

steam drills used on short tunnels, 110 
timbering, 240 
ventilating, 64 
Turbine sewer cleaner, 502 

U 

UnderdraittS, 75 

grading material around, 77 
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Undodzidfuit liM, 76, 802 
ipwifioKtioDa, 471 
TTnderfround •urveys, ihaim of, 18 
Mwezm, 6 
IS aoU, 6 

Unit pdoea, luivaitUcM in rock and earth 
trenohM, 67 
oontraota baaed on, 440 
Unloadinc dynamite from holea, 144 
U. B. Geological Survey mapa, 2 
U. 8. Steel sheet piUng. 242, 244 
tj. 8. Weather Bureau records, 18 

V 

Valves for percussion drills, 106 
Vancouver, B. C.; pulling pipe into place, 
328 

Velocitiea to prevent solids settling, 600 
Ventilation, tunnels, 64 
Vertical sheeting for trenches, 218 
Vigorite powder, 133 
Vjitrifted brick, specifications, 470 
Voids in sand and gravel, 372 
Vulcan sheeting hammer, 248 
ViUcanite powder, 133 


Wacon4oad of pipe, 200 
Wait, John Caasan; arbitration clauses in 
contracts, 437 
essentials of a contract, 434 
Waite, Henry M., topographic maps, 20 
* underground survey of Cincinnati, 2 
Waling boards, in tunneling. 265 
Walsall. England; sewer cleaner, 500 
WiUtham, Mass.; flushing sewers, 407 
obstructions of sewers, 496 
Warrington steam hammer, 248 
Wash boring, acid used to hasten precipita* 
tion of samples, 1 1 

N. Y. Commission on Additional Water 
Supply, 10 

U. 8. Geological Survey, 8 
Washing brick sewers with cement, 355 
concrete before ruuming laying, 301 
sand and gravel, 871 

Washiagton, D. C.; cleaning and oiling 
oatchdMM&ns, 51fi 

oitUnanoe against Inflammable liquida, 
638 

Wastes, induetrial. lugulations regarding 
dieohaigi, 496 
Watchmen, 466 

Water, eonsumptioa. reemds, 18 
« effect on eoheehm of earth, 260 
for flushing sewera, 407 


Water, leakage into gswers, gaging, 5 
inspection, 37. 348 
permiesible amount, 36 
through tar^ment joints, 343, 846 
Water Jet, cleaning dredged trench, 324 
drilling rigs, 8 
driving sheeting, 238 
loosening material for suction dredge, 
325 

sheeting. 35 

lowering submerged pipe, 321 
Waterbury, Conn ; coat of wood forms, 426 
Waterproofing, 385 

Watson, Hugh 8.; leakage in pipe sewers, 
345 

Weber Co.; wooden forms for large concrete 
sewer, 401 

Webster, Qeo. 8.; explosions in sewers, 
530 

Wedges for quarrying by plug and feathers, 
101 

Wellholes, specifications, 487 
Wells, jetting apparatus and methods, 0 
Wemlinger steel sheet piling, 243, 246 
Westboro, Maas.; fungus in sewers, 400 
Wetherbee, George A.; cleaning sewers, 408 
Wheelbarrows for concrete, 370 
Wheel scrapers, cost of excavation, 161 
Williams, Frank C.; fulbround wood forms, 
415 

sections of Xjouisville trenches, 22,7 
Williams, William F.; submerged outfall at 
New Bedford, 326 

Wilmington, Del.; tamping baokfttUng by 
machinery, 311 

Windows in sheeting trenobee, 223 
Wing dams, 321 

Winston, N. C.; sewer cleaning, 601 
Wiring, blasting boles, 146 
Wooden forms for sewers, 307, 800 
metalHjoverad, 403 

Worcester, Mass.; absorption teste of sewer 
brick, 352 

air looks of pneumatic tunnel, 250, 200 
eleaning oatch-baslas, 512 
sewers, 508 

cost of operation and maintenanee of 
sewerage system, 522 
of wood forms, 425, 426 
electric tunnel locomotive, 64 
experience with Carson trsneh in»> 
chines, 80 

reomding location of m e nh e l is and 
branches. 806 

rock tunnel with earth roof, 360 
tunnel in hard clay, 361 
use of drill ehanmiers, 130 
wooden lining of paeunMitie totUMl, 386 
Work, abandoned, 468 


in drill holea. 138. 142 
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Work&«‘i oompeMaUon, 442 
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